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Abstract 
Evidence suggests that physical activity behaviours and overweight and obesity rates 
vary among Culturally and Linguistically Diverse (CALD) adolescents in Australia 
and internationally.  In Australia, there is a large and growing population of Chinese-
Australian adolescents, however, little is known about the basic health status of this 
population who have added health risks.  Asian children and adolescents have been 
shown to have a higher percentage body fat compared to their predominantly 
European counterparts at the same body mass index (BMI),that is typically 
distributed abdominally.  In addition, Asian adolescents typically engage in lower 
levels of physical activity and greater levels of sedentary behaviour than their non-
CALD peers in Australia and internationally.  These added health risks have 
important implications for maintaining health throughout adolescence and into 
adulthood.  To date, no known study has investigated the rates of overweight and 
obesity, physical activity, sedentary behaviour or influences on these behaviours 
among Chinese-Australian adolescents.  Therefore, the aim of this thesis was to: 
examine the reliability and validity properties of a self-reported physical activity and 
sedentary behaviour as well as a self-reported correlates of physical activity 
questionnaire among Chinese-Australian adolescents; describe the prevalence of and 
associations between physical activity, sedentary time and overweight/obesity among 
Chinese-Australian youth and examine whether these differed from Anglo-Australian 
adolescents; and to examine whether the associations between correlates of physical 
activity and sedentary behaviour differed between Chinese-Australian and Anglo-
Australian  adolescents. 
 
Four separate studies were conducted in this thesis; two methodological studies 
which validated and reliability-tested a self-reported physical activity and sedentary 
behaviour questionnaire among Chinese-Australian youth aged 11 to 14 years; 
another methodological study which validated and reliability tested a  potential 
psychological and social correlates of physical activity questionnaire among 
Chinese-Australian youth; and a cross-sectional study which examined physical 
activity and sedentary behaviour participation and weight status among a sample of 
280 Chinese-Australian, Anglo-Australian and South-East Asian adolescents (with 
presumably extended Chinese ancestry)  aged 12 to 16 years.  In the cross-sectional 
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study, two-hundred and ninety-eight adolescents from 12 Chinese-weekend cultural 
school campuses and two government and independent secondary schools in 
metropolitan Melbourne were recruited during September to November 2009 and 
March to June 2010.  Objectively measured height, weight, waist circumference and 
7-day accelerometry data were collected from participants, in addition to self-
reported physical activity, sedentary behaviour and perceived psychological and 
social correlates of physical activity using the psychometrically tested 
questionnaires. 
 
In the questionnaire validation studies among Chinese-Australian youth aged 11to14 
years, the self-report physical activity and sedentary behaviour questionnaire was 
shown to provide reliable estimates (test-retest reliability) of type, frequency and 
duration of weekly (Mon-Sun) moderate-to-vigorous physical activity (MVPA) and 
sedentary behaviour (females only).  In addition, construct validity of the 
questionnaire was shown to be poor for accelerometry measured duration spent in 
daily (mins.d-1) MVPA but was valid for daily sedentary behaviour (mins.d-1).  The 
majority of perceived psychological and social items were shown to have acceptable 
test-retest reliability, including the factorised constructs.  Evidence of construct 
validity was demonstrated for the ‘friend/family support’, ‘parental co-
participation/fear’, ‘preference/attitude’ and ‘positive outcome expectations’ factors, 
with the four remaining factors failing to  correlate significantly with self-reported 
MVPA duration (‘family education beliefs’, ‘perceived barriers’, ‘personal benefits’ 
and ‘negative outcome expectation’). The results from these methodological studies 
are among the first to examine the psychometric properties of a physical activity and 
sedentary behaviour participation questionnaire and a potential psychological and 
social correlates questionnaire among Chinese-Australian youth. 
 
The cross-sectional study, termed the Chinese and Australian Adolescent Health 
Study (CAAHS), found significant differences in self-reported and objectively 
measured physical activity and sedentary behaviour participation.  Chinese-
Australian and South-East Asian adolescents were shown to engage in significantly 
lower amounts of daily MVPA and light-intensity physical activity and greater 
duration spent in sedentary behaviour than Anglo-Australian adolescents, even after 
controlling for a range of covariates (P<0.01).  Encouragingly, no significant 
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difference in the proportion of adolescents defined as being overweight or obese or 
having abdominal obesity were observed between Chinese-Australian, South-East 
Asian and Anglo-Australian adolescents.  Approximately 1 in 5 adolescents were 
overweight or obese, but this figure varied according to the growth-reference used. 
 
Multivariate analyses also investigated the relationship between objectively 
measured physical activity and sedentary time (mins.d-1) and anthropometric 
measures and found light-intensity physical activity was positively associated with 
BMI and waist circumference among Chinese-Australian adolescents.  These 
findings seemed contradictory at first, but it is suggested that Chinese-Australian 
adolescents with greater adiposity engaged in light-intensity physical activity in 
preference to the more intense MVPA.  No significant associations with objectively 
measured participation and BMI or waist circumference were observed among 
Anglo-Australian or South-East Asian adolescents, however, association with age, 
gender and socioeconomic status varied between the three groups. 
 
Investigations into perceived psychological and social influences on physical activity 
participation revealed lower levels of perceived maternal support, encouragement 
and perceived greater parental educational preference among Chinese-Australian and 
South-East Asian adolescents compared to Anglo-Australian adolescents (P<0.01).  
A small number of significant correlations with objectively measured physical 
activity and sedentary time were observed (mins.d-1), particularly among Anglo-
Australian and Chinese-Australian adolescents.  Interestingly, increased 
‘preference/attitude’ towards physical activity was positively associated with 
sedentary time participation among Chinese-Australian adolescents.  Since no 
significant differences were observed in median responses on the 
‘preference/attitude’ factor between Chinese-Australian and Anglo-Australian 
adolescents, it is suggested that Chinese-Australian adolescents have a desire to 
engage in physical activity, but this is hindered by greater participation in education-
related sedentary behaviours and greater perceived parental educational preference. 
Parental co-participation/fear was positively associated with MVPA among Chinese-
Australian adolescent but negatively among Anglo-Australian adolescents, and it is 
hypothesised that ethnic-specific influences are responsible for this difference. 
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Overall, the findings from the CAAHS study are among the first to examine levels of 
overweight and obesity, physical activity and sedentary behaviour among Chinese-
Australian adolescents, in addition to influences on these behaviours.  The results 
from the CAAHS study and this thesis confirmed that Chinese-Australian and South-
East Asian adolescents participated in less physical activity and more sedentary 
behaviour than their Anglo-Australian counterparts, but showed no significant 
difference in proportion of overweight, obese and abdominal obese adolescents.  The 
findings from this thesis substantially advance the current understanding of the basic 
health profile of Chinese-Australian adolescents, in addition to identifying a need for 
the development of interventions to promote physical activity and reduce sedentary 
behaviour, among this important and growing Australian community.   
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Chapter 1. Introduction  
1.1 Introduction 
Globally(2, 3) and nationally(4) the prevalence of child and adolescent overweight and 
obesity has reached alarming proportions.  Currently, 17% of Australian youth aged 
2-16 years are overweight with a further 6% classified as obese.(4)  Despite recent 
evidence suggesting that rates of overweight and obesity have stabilised in Australia 
and in several countries internationally;(5) overweight and obesity is still of critical 
public importance due to its unacceptably high prevalence, associated negative health 
consequences,(2, 6, 7) and the high degree of tracking (persistence) from childhood into 
adulthood.(6)   
 
In Australia and internationally, overweight and obesity is not equally distributed 
among children and adolescents (collectively referred to as youth), with 
socioeconomic and demographic disparities observed.  In high-income economies 
such as Australia, New Zealand, the United Kingdom and the United States of 
America (US),(8) the prevalence of overweight and obesity is typically higher among 
low socioeconomic and rural youth compared to high socioeconomic and urban 
youth,(9-12) however, this is not always definitive.   In addition, large disparities have 
been observed among children and adolescents from different racial and ethnic 
backgrounds.(10, 12, 13) For example, recent evidence suggests the ethnic disparity in 
obesity is increasing among adolescents (12-19 years) in the US, with non-Hispanic 
blacks and Mexican-American adolescents having the highest prevalence of obesity 
compared to non-Hispanic whites.(10)  
 
In Australia, the 2006 National Youth Cultures of Eating Study found the highest 
prevalence of adolescent (12-18 years) overweight and obesity was among Pacific 
Islander/Maori adolescents (males 49.1%; females 43.8%) and the lowest prevalence 
was among Asian adolescents (males 19.4%; females 12.4%).(13)  Suggesting that 
overweight and obesity is not of great importance among Asian adolescents, 
however, it has been demonstrated that Asian children and adolescents typically have 
a higher percentage body fat their European counterparts at the same body mass 
index (BMI) value.(14-17)  Therefore, Australian estimates of approximately 16% may 
underestimate true rates and subsequent disease risk among Asian adolescents.   
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At its simplest, overweight and obesity results from chronic energy imbalance where 
energy intake exceeds energy expenditure.(18)  However, a complex interplay of 
individual, environmental, societal, cultural and behavioural influences have been 
linked to the global pandemic,(19) as highlighted by the Foresight Obesity Systems 
Map.(20) The complex interplay of these factors is not well understood among 
ethnically and racially diverse populations in Australia or internationally.(2, 21)   
 
Traditional approaches to address overweight and obesity have typically focused on 
increasing physical activity levels and reducing time spent in sedentary behaviours.  
Such approaches are based on the premis that reductions in physical activity and 
increases in sedentary behaviours are risk factors for obesity.  There are also 
numerous benefits of regular physical activity participation beyond mere weight 
maintenance for youth,(22-25) particularly moderate-to-vigorous intensity physical 
activity (MVPA) participation.  In addition, reductions in sedentary behaviour 
participation are likely to result in health gains,(26-28) however, this literature is 
emergent.  Importantly, racial and ethnic differences in child and adolescent physical 
activity(29-35) and sedentary behaviour(30, 33, 35, 36) have been observed.  In particular, 
Asian youth have been shown to engage in lower amounts of physical activity than 
their peers of predominantly European background in both Australia(29, 30) and 
internationally,(32-34, 36-39) and thus may not be engaging in sufficient levels of 
physical activity to confer the health benefits.  Additionally, greater participation in 
sedentary behaviour (e.g. television, computer use, video games) has also been 
observed among Asian youth in Australia(30) and internationally(33, 36, 38) compared to 
their peers of predominantly European background and this presents an added layer 
of possible health risk. 
 
The above introduction has highlighted that disparities in overweight, obesity, 
physical activity and sedentary behaviour exist among Asian children and 
adolescents in Australia and internationally.  However, the grouping of all 
individuals who are from an Asian background is limiting as there is wide variation 
in culture, language, biology, religion and heritage among individuals from the 
continent of Asia (e.g. Cambodia, Philippines, China, Japan, Mongolia, Afghanistan, 
India, Sri Lanka to name a few).(40)  Therefore, this introductory chapter aims to 
provide a brief historical background of Chinese persons in Australia and examine 
current population estimates of youth from Chinese backgrounds. 
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1.2 Chinese-Australians 
Australia is considered an ethnically diverse and multicultural society which stems 
from early settlement days in the 1800’s and the discovery of gold in the 1850’s.(41)  
A strong history of multiculturalism is evident throughout the nation’s young history 
with 23% of the Australian population being born overseas in 1901.(42)  In 1945, 
Australia’s first immigration portfolio was implemented and with the abolishment of 
the ‘White Australia Policy’ in the 1970’s and active promotion of migration to 
Australia internationally;(43) the number of Australians who were born overseas 
reached 6 million or 27% of the population at the time of the  2011 census.(44) 
Therefore, with one in four Australians being born overseas,(44) diversity and 
multiculturalism are central to the nation’s identity.  
 
There are several distinct population groups that make up a large proportion of  
overseas-born residents in Australia, with the United Kingdom (5.3%), New Zealand 
(2.5%), China (1.8%), and India (1.5%) being among the top four countries of origin 
among residents in 2011.(44)  Chinese migration to Australia is long and rich in 
history, beginning in early colonial times and the gold-rush era and has substantially 
increased over the last thirty years (Table 1.1), especially with the marketing of 
Australian educational services to Asia.(45)    Interestingly, it is important to note that 
92% of Chinese persons within mainland China are of Han ancestry,(46) therefore 
residents in Australia are likely to derive from this ethnic group. 
Table 1.1 Summary of China-born persons in Australia, based on Australian 
Census data (1881-2011)# 
 1881  1976 2001 2006 2011 
Number persons 
born in China 38 258 19 971 142 720 205 590 318 969 
Proportion of 
the entire 
population 
1.7% 0.2% 0.8% 1.0% 1.8% 
# = adapted from several Australian Census collections and includes persons from China (excluding 
Hong Kong, Macau , Mongolia and Taiwan) and the proportion of the entire population is based on 
those who were actually counted during the census(45, 47) 
 
The term Culturally and Linguistically Diverse (CALD) is commonly used in 
Australian government reports to refer to the wide range of cultural groups that exist 
within the population.(48)  It recognises that groups and individuals differ according 
to ethnicity, language, race, religion and spirituality and the term CALD is often used 
to describe groups that differ from the English speaking majority (non-CALD).(48)  In 
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2011, the city of Melbourne (approximately 4.2 million residents) had the second 
highest number of China-born residents (approximately 90 672) in Australia, just 
behind Sydney (147 430).(47)   However, these figures largely under-represent the 
true number of persons belonging to the Chinese CALD community as it does not 
capture subsequent generations.  Better indicators of the number of Chinese CALD 
members is language spoken at home or reported ancestry, with 189 850 Melbourne 
residents reportedly speaking a Chinese language at home (53% Mandarin) and 234 
777 indicating Chinese ancestry in 2011.(47) Similarly, the exact number of 
adolescents in the Chinese CALD community, termed Chinese-Australian 
adolescents, is not precisely known.  The census figures indicate approximately 4.4-
5.8% of all adolescents in Melbourne aged 12-16 years were Chinese-Australian in 
2011 which seems to have increased from 2006 estimates (Figure 1.1.).   
Figure 1.1 Chinese-Australian adolescents in Melbourne, 2006 and 2011 Census 
                                  
 
    
                                                 
 
 
 
* = Born in China, excluding Hong Kong, Taiwan, Macau and Mongolia, adapted from the 2006 and 
2011 Australian Census(40, 47) 
 
An important characteristic of the Chinese-Australia community in Melbourne is the 
high enrolment in Chinese-weekend cultural schools. The Ethnic Schools 
Association of Victoria estimated 11 767 students attend Chinese classes on the 
weekend in metropolitan Melbourne in 2012.(49) However, a limitation of the figures 
Melbourne in 2011 
There were 229, 308 adolescents aged 12-16y, of these:  
x 13,303 reported Chinese ancestry (5.8%), 
x 10,138  reported speaking a Chinese language at home  
(4.4%), of which 50% was Mandarin, and 
x 2,435 reported being born in China* (1.1%)  
Melbourne in 2006 
There were 213, 764 adolescents aged 12-16y, of these: 
x 10,563 reported Chinese ancestry (4.9%), 
x 8,002  reported speaking a Chinese language at home  
(3.7%), of which 39% was Mandarin, and 
x 1,417 reported being born in China* (0.7%) 
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is that it is not definitively known what proportion of students attending these 
schools come from a Chinese background.  At Chinese-weekend cultural school 
students not only learn a Chinese language (predominantly Mandarin) but they can 
also engage in mathematics, literature and traditional cultural activities for a minimal 
fee of around $100-250 Australian dollars per school term. This high enrolment in 
Chinese-weekend cultural schools is a likely reflection of the high value placed on 
education and occupational aspirations by parents of Asian-Australian children 
(Chinese and Vietnamese).(50, 51)    
 
Despite the lack of definitive estimates of the proportion of Chinese-Australian 
adolescents residing in metropolitan Melbourne, it appears that this population is 
growing.(40, 47) Our understanding of the basic health profile, specifically overweight, 
obesity, physical activity and sedentary behaviour levels of this population is not 
well understood.  Therefore, this thesis aimed to describe the prevalence of and 
associations between physical activity, sedentary time and overweight/obesity among 
Chinese-Australian youth and examine whether these differed from Anglo-Australian 
adolescents.  In particular, this thesis aimed to examine if differences were evident 
between Chinese-Australian and Anglo-Australian adolescents and to identify 
potential underlying reasons.  Four distinct studies were conducted through this 
thesis and the features of each chapter are discussed herein. 
 
Chapter 2 sought to review the existing literature surrounding overweight and 
obesity, physical activity and sedentary behaviour among the Chinese community in 
Australia and internationally (excluding Asia). The review presents a comprehensive 
overview of overweight and obesity, abdominal obesity, physical activity and 
sedentary behaviour by outlining the identified health risks/benefits for youth, 
measurement approaches and current prevalence estimates for Australian and Asian 
youth outside of Asia. 
 
In Chapter 3, the results of two methodological studies (Study 1 and Study 2) are 
presented.  These studies investigated the test-retest reliability and construct validity 
of a self-report physical activity and sedentary behaviour questionnaire among 
Chinese-Australian youth aged 11-14 years.  The results of another methodological 
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study (Study 3) are presented in Chapter 4.  This final methodological study 
examined the internal consistency, test-retest reliability and predictive validity of 
items relating to perceived psychological and social influences on physical activity 
participation among Chinese-Australian youth aged 11-14 years. 
 
Chapter 5 is a methodological chapter and described the methods for Study 4, the 
cross-sectional Chinese and Australian Adolescent Health Study (CAAHS).  The 
methods of the CAAHS are presented after an extended discussion on the collection 
and interpretation of accelerometry derived data, which are many and varied and 
have been shown to influence estimations of physical activity.  The CAAHS study 
aimed to investigate the correlates of physical activity, sedentary behaviour, 
overweight and obesity among a sample Chinese-Australian and Anglo-Australian 
adolescents aged 12 to16 years.  Whilst it is acknowledged that dietary intake and 
dietary behaviours are critical to the development of overweight and obesity, the 
examination of diet was outside the scope of this thesis and was not investigated.  In 
Chapter 5, particular attention is given to the sample size calculations, sampling and 
recruitment procedure, instruments, data management processes and statistical 
analyses.  It should be noted that an unintentional sample of South-East Asian 
adolescents (predominantly Vietnamese, Malaysian and Cambodian background) 
were recruited through the CAAHS which is discussed in detail in Chapter 5.  Instead 
of excluding the data from the recruited South-East Asian adolescents (who 
presumably have extended Chinese ancestry), these data were included in Chapters 6 
to 8 and as a result, the aims of these chapters have been adjusted to reflect their 
inclusion.  The rationale for splitting the results of the CAAHS into 3 distinct results 
Chapters (Chapter 6 to 8) was to enable a thorough introduction, analysis and 
discussion of specific research aims.  Whilst, this format may seem repetitive at 
times, each chapter addresses a specific aim of the thesis. 
 
Chapter 6 is the first results chapter of the CAAHS and describes the recruited 
participants and differences in physical activity, sedentary behaviour, overweight, 
obesity and abdominal obesity between Chinese-Australian, South-East Asian and 
Anglo-Australian adolescents.  Simple univariate analyses were conducted to 
examine age, gender and socioeconomic differences on key variables as well as in-
depth multiple hierarchical regression analyses to examine differences between 
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Chinese-Australian, South-East Asian and Anglo-Australian adolescents after 
adjusting for a range of covariates. 
 
In Chapter 7, the relationship between objectively measured physical activity, 
sedentary behaviour and BMI/waist circumference was examined.  Multiple 
hierarchical regression analyses were conducted to examine the associations between 
BMI/waist circumference and objectively measured participation among Chinese-
Australian, South-East Asian and Anglo-Australian adolescents. Chapter 8 is the 
final results chapter of the CAAHS study and examined perceived differences on a 
range of perceived psychological and social influences on physical activity and 
whether these factorised constructs were related to objectively measured 
participation.  Comparisons of observed associations between perceived influences 
and MVPA, light-intensity physical activity and sedentary time were made between 
Chinese-Australian, South-East Asian and Anglo-Australian adolescents. 
 
In Chapter 9, the findings from all four studies were synthesised.  In particular an 
overview of the major findings, strengths and limitations and contribution of this 
thesis in furthering the current understanding of the health behaviours of Chinese-
Australian adolescents was given.   
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Chapter 2. Literature Review  
2.1 Introduction 
Chapter 1 highlighted that the number of Chinese-Australian adolescents is believed 
to be growing and that our understanding of the health disparities, especially 
overweight, obesity, physical activity and sedentary behaviour among this important 
community is not well understood.  Therefore, the purpose of this literature review is 
to provide an overview of the rates of overweight and obesity, physical activity, 
sedentary behaviour and potential correlates among Chinese children and adolescents 
in Australia and internationally (excluding Asia).  Where there is a lack of evidence 
among Chinese youth specifically, attention is directed towards children and 
adolescents from an Asian background outside of Asia. 
 
2.3 Overweight and obesity 
2.3.1 Definition and development of overweight and obesity 
Obesity is a condition that is defined as excessive or abnormal fat accumulation in 
adipose tissue that adversely affects health, as defined by the World Health 
Organisation (WHO).(52)  Fundamentally, overweight and obesity arises when energy 
intake exceeds energy expenditure over a long period of time.(18)  The regulation of 
energy balance is largely controlled via the leptin signalling pathway,(53) however, a 
wide variety of genetic and non-genetic determinants and risk factors have been 
linked to excess body fat in youth (e.g. genetic disorders, endocrine disease, birth 
weight, adiposity rebound, diet, energy expenditure, sedentary behaviour, 
ethnic/racial origin, socioeconomic status).(2, 53)  
2.3.2 Frameworks for understanding overweight and obesity 
Several frameworks have been developed to further the current understanding of 
child and adolescent overweight and obesity, which can also highlight potential 
intervention avenues.(54)  As discussed earlier, the complex Foresight Obesity 
Systems Map provides a visual overview of the complex linkages that contribute to 
energy balance  and subsequent obesity in the causal loop diagram.(20)  Whilst the 
Foresight systems map highlights the myriad of interrelating influences on energy 
balance, a simpler and more accessible framework is the National Heart Lung and 
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Blood Institute’s ecological model for understanding obesity (Figure 2.1). Central to 
the ecological model is the interrelated influences of the policy and physical 
environment, as well as social and psychological influences,(55)  on energy balance.  
This framework is particularly useful when examining overweight and obesity 
among CALD populations as social/cultural influences are highlighted for their the 
interrelating influences on energy intake (eating) and energy expenditure, both 
physical activity and sedentary behaviour.(56)  
Figure 2.1 Framework for understanding obesity in children and youth# 
 
 # = Adapted from the National Heart Lung and Blood Institute (US) (2004)(56) 
2.3.3 Health consequences of high body fat 
The health consequences of overweight and obesity among children and adolescents 
are well documented and include a range of physical conditions including insulin 
resistance, fatty liver disease, hypertension, dyslipidaemia, sleep apnoea, asthma and 
shortness of breath) and psychological consequences (stigmatization, low self-
esteem).(2, 6)  The importance of the childhood years for overweight and obesity 
monitoring and intervention is due to the high degree of tracking of high BMI and 
waist circumference into adulthood.(57) It is in adulthood, where the more pronounced 
consequences of overweight and obesity emerge that affect morbidity and mortality 
and burden health care systems.(58)  In Australia, the direct health care cost of adult 
overweight was $6.5 billion and of obesity was $14.5 billion in 2005, based on the 
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findings from the 2004-05 AusDiab study.(59)  Therefore, early intervention among 
children and adolescents is an important public health strategy. 
2.3.4 Health consequences of high abdominal fat distribution 
Evidence suggests that the anatomical location of body fat can further increase 
disease risk for several conditions compared to whole-body fat, in particular visceral 
adipose tissue (abdominal fat), liver and skeletal fat accumulation.(60)  Abdominal 
obesity is characterised by the excessive accumulation of subcutaneous adipose 
tissue and visceral adipose tissue and has been associated with dyslipidaemia, 
glucose intolerance and metabolic syndrome among children and adolescents.(61, 62)   
In brief, metabolic syndrome refers to a collection of specific cardiovascular disease 
risk factors as defined by the International Diabetes Foundation (IDF) and includes 
abdominal obesity and the presence of two or more components (elevated 
triglycerides; low high-density lipoprotein cholesterol; high blood pressure and 
elevated plasma glucose) among youth aged 10+ years.(63)  These cardiovascular 
disease risk factors are likely to persist from childhood into adulthood and therefore, 
early identification and prevention is needed to improve future cardiovascular 
health.(64)   
2.3.5 Measurement of body size and body composition 
Various anthropometric methods can be used to measure body size (stature and body 
weight) and composition [adipose tissue (fat mass) and lean tissue (fat-free mass)] 
among children and adolescents.(65)   Typical measures of body size include total 
body weight, length, stature, circumferences and widths of specific body regions e.g. 
waist circumference.(65)  Composition measures include indirect estimates through 
skinfold(s) thickness(es) and circumference(s) (e.g. waist and hip) and direct 
measures of body composition including hydrodensitometry, deuterium dilution, 
magnetic resonance imaging and dual-energy x-ray absorptiometry (DXA) and 
bioelectrical impedance analysis (BIA).(66)  Choice of instrument to examine 
overweight and obesity can depend on a variety of considerations (e.g. time, cost, 
participant discomfort, number of participants). The BMI is commonly used in large 
scale studies due to its low cost, non-invasive technique, speed and portability during 
collection.  It is a ratio of excess weight in relation to height [weight (kg)/ height 
(m)2] and is used to determine healthy weight, overweight and obesity status.(52)  The 
index cannot distinguish between fat mass and fat-free mass,(67) and measurements 
are contrasted against age and sex-specific reference charts to indirectly predict body 
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fat.(68)  As identified above, there are a wide range of instruments that could be used 
to examine excess fat mass, however, the current Australian Clinical Practice 
Guidelines for the Management of Overweight and Obesity in Children and 
Adolescents recommends the use of BMI as a surrogate measure of adiposity to 
define overweight and obesity among Australian children aged 2 to 18 years.(69) 
 
Several country-specific (US,(70) UK,(71) France,(72) Italy,(73) the Netherlands,(74) 
China,(46, 75) and Japan)(76) and international [International Obesity Task Force 
(IOTF) (77) and the WHO] (78) BMI growth references are available to define healthy 
weight, overweight and obesity among children and adolescents.  The purpose of 
defining overweight and obesity is to be able to predict health risks and enable 
comparisons among as well as between groups, both nationally and internationally.(2)  
As the WHO indicates, definitions or cut-points used to define obesity should reflect 
an increased risk of morbidity and mortality.(52) However, the evidence base for 
definitions of overweight and obesity among children and adolescents based on 
clinical symptoms are less apparent (79) and therefore can be considered more 
arbitrary.   The specific criteria to define overweight and obesity depends on the 
growth reference selected.  For example the WHO BMI growth reference uses an 
age-sex-specific BMI z-score to define overweight (+1 to 2 standard deviations) and 
obesity  (+ 2 standard deviations),(78) in contrast the IOTF provides age-sex-specific 
cut-points to define overweight and obesity among youth.(77)   Several limitations 
have been identified when using the BMI to predict overweight and obesity among 
children and adolescents and have included (though not an exhaustive list): the 
inability to differentiate between fat mass and fat-free mass, variation in prevalence 
estimates based on growth reference selection, representativeness of the reference 
population to the sample of interest, ethnic differences in fat mass at the same BMI 
and the fact that the ratio with height is affected by relative leg length.(66)   These 
factors can influence the accuracy of the BMI in determining prevalence rates of 
healthy weight, overweight and obesity among children and adolescents and 
represent important limitations. 
 
Waist circumference measurements can be used to define abdominal obesity among 
children and adolescents, sometimes in conjunction with BMI.(80)  Waist 
circumference is important to measure as it has been shown to be a stronger predictor 
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of cardiovascular disease risk among children and adolescents than BMI.(81, 82)  
However, in a recent review of 10 studies, Reilly, Kelly & Wilson (2010) found no 
added benefit of waist circumference measurements compared to the IOTF BMI cut-
points for identifying adverse cardiometabolic disease risk in youth.(83)  This suggests 
that the use of waist circumference measurements may have little advantage in the 
identification of excess body fat compared to the BMI, as abdominal obesity and 
total body fat are very highly correlated among children and adolescents.(83)  
However, a limitation of this review was the absence of discussion on the strong 
relationship between abdominal obesity and metabolic syndrome and the requirement 
of waist circumference to be collected in the definition of metabolic syndrome.  In 
addition, the inclusion of the more recent WHO age and sex-specific growth 
reference(78) may have revealed different findings in support for waist circumference 
collection.  At present, the current Australian Clinical Practice Guidelines for the 
Management of Overweight and Obesity in Children and Adolescents recommends 
the measurement of waist circumference to determine abdominal obesity among 
Australian youth aged 2 to 18 years.(69)  
 
Unlike the BMI, there are no standardised international waist circumference growth 
references for children and adolescents, mainly due to the existence of limited 
national data sets, differences between the ages of surveyed participants and 
differences in chosen  measurement site, which makes international comparisons of 
these indices difficult.(84)   However,  age and sex-specific national references for 
have been developed for children and adolescents in several countries including 
Australia,(85) US,(86) UK,(87) China,(88-90) Italy, (91) Spain,(92) Cyprus,(82) Canada,(93) the 
Netherlands,(94) and  Iran.(95)  Additionally, there is lack of consensus regarding a 
definition of abdominal obesity.  In 2007, the International Diabetes Federation 
developed criteria for defining abdominal obesity among youth aged 10 to 16 years 
in response to the increased international focus on the metabolic syndrome.(63)  
According to the International Diabetes Federation, abdominal obesity is defined 
when mean waist circumference is greater than the >90th percentile.(63)  Whilst this 
definition provides a cut-point from which abdominal obesity can be defined, it is yet 
to be widely adopted in the literature.  This was evidenced in a recent systematic 
review of the prevalence of abdominal obesity using waist circumference 
measurements among adolescents. (79)  In this review, 14 separate criteria for 
defining abdominal obesity were identified among 29 included studies.(79)  Further 
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hampering estimates of abdominal obesity is the influence of measurement site 
among children and adolescents.(96)  In a study by Hitze et al.,(2008), the influence of 
four different waist circumference measurement sites (beneath lowest rib, 4cm above 
umbilicus, above the iliac crest and midway between the lowest rib and iliac crest) 
and abdominal obesity (>90th percentile) were examined among 180 youths (6-20y) 
in Germany.(96)  The prevalence of abdominal obesity varied according to 
measurement site, ranging from 13.2% to 37.4% among females and 15.7 to 30.3% 
among males.  The results from this study highlight that measurements from different 
sites cannot be used interchangeably and that comparisons with other waist 
circumference results are only accurate if an identical measurement site has been 
used.  
 
Since the current Australian Clinical Practice Guidelines for the Management of 
Overweight and Obesity in Children and Adolescents recommends the measurement 
of the BMI to define overweight and obesity and waist circumference to define 
abdominal obesity among Australian youth aged 2 to 18 years.(69) Table 2.1 provides 
a brief description of the key attributes, methodological considerations, validity, 
sensitivity and specificity properties of the BMI and waist circumference 
measurements to examine excess fat among youth.   Sensitivity and specificity are 
terms used to describe the number of true and false positives and negatives which 
classify a person as genuinely having or being genuinely absent from a health 
condition.(65)  In the case of overweight and obesity, it is desired that the BMI index 
(for example) has high sensitivity (e.g. 1.0), that is, it accurately identifies 
individuals with high percentage body fat (true positives) and has no false negatives 
(does not classify an individual as normal weight when they are in fact overweight or 
obese).(65)  The specificity of an index, with relation to the BMI, is also desired to be 
high and relates to the ability of the BMI index to accurately identify all normal 
weight individuals as normal weight (true negatives) and have no normal weight 
individuals classified as overweight or obese (false positive).(65) In practice, a balance 
is struck between sensitivity and specificity as there may be increased cost or need 
for more demanding techniques to increase either sensitivity or specificity.   
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Table 2.1 Child and adolescent anthropometric measures of body size and composition  
Anthropometric 
measure 
Description Advantages and limitations Validity and/or 
sensitivity and specificity 
Considerations 
BMI Weight (kg)/height(m)2 
 
Used as an index of 
relative adiposity. 
Reflects both fat and 
fat-free components of 
body weight.(66)  
However, BMI for age 
and sex is correlated to 
adiposity and linked to 
morbidity.(79) 
 
Used to classify 
individuals as normal 
weight, overweight or 
obese using age and 
sex-specific cut-offs. 
 
Advantages:  
x Low cost and non-invasive  
x Can be conducted in a variety of field settings 
x In general, the BMI has high sensitivity and a low false 
positive rate; therefore can accurately identify 
overweight and obese individuals whilst the number of 
individuals classified as overweight or obese who are 
actually normal weight is very low.(97)  
 
Limitations:  
x Sensitivity of the BMI may be reduced for persons who 
are short, tall or have abnormal fat distribution.(2)  False 
positives may also occur for highly muscular persons.  
x Racial and ethnic differences in actual percent body fat 
compared to BMI definitions of overweight and obesity 
have been observed, (17, 98-100) including Chinese 
children and adolescents.(46, 101) 
x Accuracy of measurements can depend on the skill of 
the measurer.(97)  
x Puberty is a time where body composition changes are 
dramatic and biological versus chronological age is not 
able to be differentiated when solely using age and sex-
specific BMI growth references.(79) 
x Correlations between 
BMI and DXA have 
ranged from 0.5 to 
0.92.(102-105)   
x Sensitivity of the BMI 
to predict excess fat 
mass among Asian-
American boys was 
shown to be lower 
compared to non-
Hispanic white 
American boys (67% 
vs. 72%) and Asian-
American girls 
compared to non-
Hispanic white 
American boys (62% 
vs. 100%).(17) 
 
x BMI may not 
be 
appropriate 
for all CALD 
populations 
x Biological 
age may 
differ to 
chronological 
age 
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Table 2.1 Continued. 
Anthropometric 
Measure 
Description Advantages and limitations Validity and/or 
Sensitivity and specificity 
Considerations 
Waist-
circumference 
(WC) 
Indirect measure of 
abdominal obesity.(79)  
 
Measured using an 
inflexible tape.  Up to 
8 anatomical 
landmarks have been 
used to measure WC 
among children and 
adolescents.(106)  The 
more common 
measurement sites 
include:(107) 
- At the superior 
boarder of the iliac 
crest 
- Midpoint between the 
iliac crest and costal 
boarder of the 10th 
(last) rib 
- At the umbilicus 
- As the narrowest 
point (minimal waist)  
Advantages: 
x Low cost and non-invasive technique 
x Can be conducted in a variety of field settings 
x Low observer error and good reliability and validity 
and low measurement error (2)  
x Preferred anthropometric measure of visceral fat (52) 
x Abdominal obesity for adolescents is defined by WC 
>90th percentile which is one of the 4 criteria of 
Metabolic Syndrome by the International  Diabetes 
Foundation (63) 
x A recent study on the influence of 4 different WC 
measurement sites revealed that all sites had similar 
relationships with total visceral adipose tissue, 
subcutaneous adipose tissue and cardiometabolic risk 
factors among children.(107) 
 
Limitations: 
x No international cut-offs for defining abdominal 
obesity, however, national growth references exist 
x The choice of measurement site can influence 
estimates of abdominal obesity(107) 
x International comparisons of abdominal obesity are 
complicated due to the various combinations of 
measurement sites, reference charts and definitions 
used.  
x Sensitivity and specificity 
of WC >80th percentile to 
correctly identify high 
trunk fat mass (DXA) was 
high for New Zealand (3-
19y) boys and girls (87% 
and 89% sensitivity, 92% 
and 94% specificity, 
respectively).(108)    
x Correlations among 
Swedish adolescents       
(r = 0.68 to 0.73)(17y) 
were high between WC 
and percent fat mass by  
air-displacement 
plethysmography.(63) 
Sensitivity and specificity 
of WC to detect 
overweight was also 
higher for boys         
(0.84, 0.88) than girls 
(0.76; 0.72) and stronger 
for obese participants 
(0.90; 0.90 boys) and 
(0.93; 0.89 girls), 
respectively.(63)  
x Time 
consuming 
to correctly 
palpate and 
mark bony 
landmarks 
x Take 
measures 
over a single 
layer of light 
clothing to 
reduce 
feelings of 
vulnerability 
and exposure  
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2.3.6 Differences in body size, body composition and measurement 
among Asian and Chinese children and adolescents 
Differences in fat mass (%) have previously been observed between Asian and/or 
Chinese children and adolescents compared to their predominantly European 
counterparts internationally (Table 2.2).  The data from Table 2.2 indicates that 
Asian youth typically have a higher percentage body fat compared to their 
predominantly European counterparts for a given BMI,(14-17, 109-111) and subsequently 
may be at greater disease risk at lower BMI values.  Among Asian adults, the WHO 
has recommended the use of additional public health cut-points for overweight and 
obesity (BMI = 23 kg/m2; and BMI = 27.5 kg/m2) to reflect increased risk, however, 
the standard international adult classification for overweight (BMI = 25 kg/m2) and 
obesity (BMI = 30 kg/m2) remains.(112)  There are no known international 
recommendations for Asian children and adolescents in relation to lower cut-points.  
The US study by Freedman et al., (2008) is of particular importance as it 
demonstrated that Asian (predominantly Chinese or Korean) youth (5-18y) typically 
had a higher fat mass (%) compared to white (presumably of European origin) youth.  
However, at the greatest US (CDC) BMI-for-age and sex percentile (≥ 95th 
percentile), Asian youth had lower fat mass (%) than white boys (- 2%) and white 
girls (-3%).(17)  These findings suggest that the observed fat mass differentials are 
more evident at lower BMI values between Asian and white youth, however, the 
exact number of Asian youth who were considered to be ≥ 95th percentile is not 
known and this finding is likely to be influenced by the sample size.  This study also 
investigated the sensitivity of the US growth reference to determine excess body fat 
in Asian boys (≥ 84th percentile) and Asian girls (≥ 85th percentile).   The index’s 
ability to predict excess fat mass was low among Asian boys compared to white boys 
(67% vs. 72%) and girls (62% vs. 100%), highlighting clear CALD differences in the 
accuracy of the US growth reference among Asian youth.(17) 
 
Despite the increasing body of evidence among Asian youth internationally, few 
studies have examined if Asian and/or Chinese youth in Australia have different 
body compositions compared to their predominantly European counterparts.  A 
Sydney study investigated these differences among Sydney school children.(109)  In 
this study, 1 232 children (8-9y) in metropolitan Sydney were examined in 1994 and 
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again 3 years later.  Self-reported country of birth of the participant and parent was 
used to define ethnicity, with South-East Asian ethnicity requiring the participant or 
one parent to be born in South-East Asia.  Differences in mean blood pressure, BMI, 
fat mass (%) via sum of skinfolds and waist circumference were examined between 
predominantly Anglo-Celtic (Australian) (51%), South-East Asian (18%) and Middle 
Eastern (11%) participants.   The study found that South East-Asian children did not 
significantly differ on mean BMI, waist circumference or blood pressure but had 
significantly higher mean fat mass (+ 1%) than Anglo-Celtic Australians.(109)  The 
findings from this Australian study are consistent with the international literature 
among Asian children and adolescents. 
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Table 2.2 Summary of international studies investigating differences in body fat among Asian and/or Chinese to European/White youth 
First Author 
(year)ref# 
Description of the study and 
participants 
Measure of 
body size/ 
composition   
Differences in body fat 
 
Sluyter (2011)(14) 202 boys and 197 girls in New Zealand 
aged between 12 to 19 years.  The sample 
included Pacific Island, Maori, European 
and Asian Indian youth. 
BMI, waist 
circumference 
and fat mass 
via DXA 
Fat mass (adjusted for BMI):  
Asian Indian boys ↑ 3.5% higher than European (P<0.001) 
Asian Indian girls ↑ 1.9% higher than European (P<0.001) 
 
 
Duncan (2008)(15) 1229 New Zealand boys and girls aged 5 
to 11 years.  The sample included 
European (47%), Polynesian (33%), Asian 
(16%) and ’Other’ (4%) children.  The 
Asian group comprised of Chinese, Indian, 
Korean, Filipino, Sri Lankan and Other-
Asian children. 
BMI, BIA 
excess body fat 
equalled ≥ 
25% in boys 
and ≥ 30% in 
girls 
No significant differences in height, BMI or age were observed 
between the ethnic groups: 
   
Asian boys ↑ 2.7% fat mass than European (P<0.05) 
Asian boys ↑ odds for excess fat than European (OR = 1.8, 95% CI: 
1.13; 2.83) after controlling for sex, age and socioeconomic status*.  
* risk attenuated after controlling for sleep duration, fast food 
servings, sweetened beverage consumption, breakfast, lunch, physical 
activity and active transport. 
Whincup 
(2005)(16) 
90 South Asian (Pakistan and Bangladesh) 
and 1248 European students aged 13-16 
years.  Ethnicity defined by appearance 
and cross-checked with parental place of 
birth. 
BMI, BIA  
waist and hip 
circumference 
South Asians were significantly shorter on average to European 
students (P<0.01) but did not differ on mean BMI or waist-to-hip 
ratio.  Fat mass (%) adjusted for age, sex, town and time of day: 
 
South Asians ↑ 1.7%  compared to European (P<0.05) 
Deurenberg 
(2003)(111) 
150 children (7-12 y) recruited from 
Singapore, Beijing and the Netherlands.    
Singaporean children were of Chinese 
ancestry and presumably children from the 
Netherlands were of Dutch ancestry.  
BMI, DXA Singaporean-Chinese boys ↑ 4% fat mass than Dutch* 
Singaporean-Chinese girls ↑ 3% fat mass than Dutch* 
Singaporean-Chinese children ↑ fat mass than Dutch (P<0.05) 
 
* not examined for significance 
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Table 2.1 Continued 
First Author 
(year)ref# 
Description of the study and 
participants 
Measure of 
body size/ 
composition   
Differences in  body fat 
 
Deurenberg 
(2003)(110) 
101 Singaporean-Chinese and 89 Dutch 
Caucasian adolescents (16-18y). 
BMI, skinfolds No significant age difference between groups, Singaporean-Chinese 
were significantly shorter and weighed less than their Dutch 
counterparts (P<0.001).   
 
After adjusting for age: 
 
Singaporean-Chinese females had ↓ BMI than Caucasian (P<0.05) 
Singaporean-Chinese males had ↑2.7 kg/m2  sum of four skinfolds 
than Caucasian (P<0.001) 
Singaporean-Chinese females had ↑3.3 kg/m2 sum of four skinfolds 
than Caucasian (P<0.001) 
Freedman 
(2008)(17) 
1,104 youth aged 5 to 18 years living in 
New York City (US).  Participants were 
classifed at white (Caucasian), black 
(African American), Hispanic 
(predominantly Dominican or Puerto 
Rican) or Asian (predominantly Chinese 
or Korean) based on self-reported 
background of all four grandparents. 
BMI-for-age z-
scores based 
on US (CDC) 
growth 
reference,(70) 
DXA. 
At the same BMI for age: 
 
Asian girls ↑ 1.0% fat mass compared to Caucasian 
Asian boys no differences in fat mass compared to Caucasian 
 
Asian youth typically had higher fat mass (%) between the 50th-94th 
percentile for boys and ≤ 84th percentile for girls than Caucasian 
youth.  When BMI exceeded the 95th percentile, fat mass was lower 
among Asian boys (-2%) and girls (-3%) than Caucasian youth. 
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In order to circumvent the discrepancy of Asian youth having a greater fat mass at 
lower BMI levels, the Chinese Working Group on Obesity in China developed age 
and sex-specific BMI growth references for mainland Chinese children and 
adolescents.(101)   Data from the representative 2000 Chinese Student Constitution 
and Health Survey involving 216 620 youths from mainland China (7-18y) were 
used to examine optimal BMI cut-points relating to disease risk, in addition to the 
development of a BMI growth reference for Chinese youth.(101)  Cut-off points to 
define healthy weight, overweight and obesity among Chinese youth were 
determined by examining differences in systolic and diastolic blood pressure, total 
serum cholesterol, triglycerides and high-density lipoprotein at different percentiles.  
The 85th and 95th percentile were selected to define overweight and obesity as these 
markers indicated a significant increase in disease risk.(46)  When comparing the 
Chinese BMI growth reference to the US CDC growth reference at the 85th and 95th 
BMI percentile, Chinese youth had a lower mean BMI from age 14 in boys and age 8 
in girls. Highlighting the insensitivity of the US CDC growth reference to accurately 
identify overweight and obesity among mainland Chinese youth.(46)  
 
In addition to differences in fat mass, ethnic and/or racial differences in the 
distribution of visceral and subcutaneous adipose tissue among children and 
adolescents have been observed.(113)  Of importance is the finding that Asian youth 
typically have less gynoid fat (pear shape) and more visceral adipose tissue 
compared to white (European) youth (5-18 y).(113)  Specific studies among Chinese 
youth compared to Europeans using objective measures which can discern between 
visceral and subcutaneous adipose tissue (e.g. magnetic resonance imaging or 
computed tomography scan) are not apparent.(114)  However, a New Zealand study 
among adolescents (12-19y) found objectively measured (DXA) abdominal fat mass 
(kg) adjusted for age, height and weight to be significantly higher Asian Indian boys 
compared to European boys (P<0.05), but not for girls.(14) Another study, this time 
among pre-pubertal children (8-10y) from four Asian countries (China, Lebanon, 
Malaysia and Thailand) found that there were no significant differences between 
countries for BMI and age adjusted fat mass (boys only) measured by deuterium 
dilution.(115)  However, the distribution of fat around the abdominal region was 
greater among Chinese compared to Lebanese and Malay children as measured by a 
higher mean waist circumference and abdominal (supraspinale) skinfold thickness 
(P<0.001).(115)  In addition, a recent cross-sectional study among 8764 children aged 
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7 to 11 years in six cities across mainland China found 93% of obese and 37% of 
overweight children had abdominal obesity which related to a metabolic syndrome 
prevalence of 6.6% and 0.9%, respectively (IDF definition).(116)  The propensity to 
have greater visceral fat has important implications for cardiovascular disease risk 
among Chinese youth. 
2.3.7 Prevalence of overweight and obesity in Australian children and 
adolescents 
Recent evidence suggests that the proportion of overweight and obese children and 
adolescents in Australia is stabilising.(117)  In this study, a meta analyses of all 
available BMI data among Australian youth (2 -18y) between 1985 to 2008 was 
analysed to examine temporal trends in overweight and obesity (IOTF growth 
reference).   The results indicated that the prevalence of combined overweight and 
obesity among children and adolescents has flattened over the last 10 years in 
Australia.(117)  Whilst these results are encouraging, they still indicate that overweight 
and obesity is still of critical public health importance due to the myriad of negative 
health consequences,(2, 6, 7) high prevalence rate and strong degree of tracking from 
childhood into adulthood.(6)   
 
In Australia, the most recent national estimates of overweight and obesity among 
children derive from the 2007 Australian National Children’s Nutrition and Physical 
Activity Survey (ANCNPAS).(4)  Results from this survey indicate that the overall 
prevalence among youth aged 2-17 years (n = 4,487) was 17% for overweight and 
6% for obesity.(4)  When examined by age group (9-13y vs. 14-16y), the proportion 
of overweight among boys was similar (18% vs.19%), but higher among younger 
compared to older girls (23% vs. 16%).(4)  In contrast, similar proportions of younger 
and older boys were classified as obese ( 7% vs. 6%) and younger and older girls 
(7% vs. 7%), respectively.(4)  Since the publication of the 2007 national survey, the 
results of the representative 2009-10 National Secondary Students’ Diet and Activity 
(NSSDA) survey have been published, and indicated no change in overweight among 
boys aged between approximately13 to 17 years and a 1% increase in overweight 
among girls, compared to the ANCPAS.(9) Obesity was lower for both boys and girls 
in the NSSDA at 5%, however, care should be applied when interpreting these 
findings as the age range of participants in the NSSDA were not reported and 
included students in grade 8 to 11, which would typically range from 13-17 years of 
age and thus are slightly different to the ANCNPAS age range of 14-16y. 
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Apart from age and gender differences, several other socioeconomic and 
demographic differences in overweight and obesity rates have been observed.   In 
Australia, national data indicate that youth from low socioeconomic backgrounds 
typically have higher rates of overweight and obesity compared to youth from high 
socioeconomic backgrounds.(9, 13, 118)  In addition, disparities between urban and rural 
adolescents have been observed among Australian boys, with a higher overweight 
and obesity prevalence among rural compared to urban youth,(9) however, the 
evidence appears to be inconclusive.(29, 30)  The state-based NSW Schools Physical 
Activity and Nutrition Surveys (SPANS), for example, showed the contrary.(30)   
2.3.8 Prevalence of overweight and obesity among CALD, particularly 
Asian children and adolescents in Australia 
To date,  the largest study investigating CALD differences in overweight and obesity 
compared to non-CALD children and adolescents in Australia was the 2006 National 
Youth Cultures of Eating Study.(13)  This study involved a representative sample of 
7889 primary and secondary school students across Australia aged between 6 to 18 
years, with a specific purpose to examine the influence of socioeconomic status, 
gender, age and ethnicity on overweight and obesity using the IOTF growth 
reference.(77)  Participants were required to self-select their background using a self-
report questionnaire and the final sample comprised of Anglo/Caucasian (72%), 
Aboriginal/Torres Strait Island (A&TSI) (6%), South European (8%), 
Chinese/South-East Asian (7%), Middle Eastern/Arabic (2%) and Pacific Islander 
(2%) and Other (3%) participants.   Anglo-Caucasian youth are defined as non-
CALD for the purposes of this discussion as they are the dominant cultural/racial 
group in Australia.  Figure 2.2 and Figure 2.3 display the varying rates of overweight 
and obesity among younger and older boys and girls by CALD category.  It is 
evident from these figures that wide variation in overweight and obesity prevalence 
exists among CALD and non-CALD youth in Australian.  In particular, Pacific 
Islander youth had the highest rates of overweight and obesity and the lowest 
prevalence was among Chinese/South-East Asian youth.  A possible limitation of 
this study was the small number of participants in each specific CALD group who 
were defined as overweight or obese, for example, ≤ 10 Middle Eastern/Arabic, 
A&TSI, Chinese/Southeast Asian, Pacific Islander boys and girls aged 6-11y were 
defined as obese.  This represents potential sampling bias and questions the 
representativeness of the recruited CALD minorities, however, the authors 
acknowledge this limitation.(13)  Another limitation of the study was the application 
of the IOTF age and sex-specific BMI growth reference, as this may underestimate 
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true prevalence rates among Chinese/South-East Asian youth and overestimate 
prevalence among Pacific Islander youth, as has previously been observed among 
ethnically diverse New Zealand girls (5-16y).(119)   
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Figure 2.2 Prevalence of overweight and obesity among younger (6-11y) and older (12-18y) CALD and non-CALD boys in Australia#(13) 
 
# = Figure developed from the results by O’Dea, (2008);(13) and CALD = Culturally and Linguistically Diverse. 
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Figure 2.3 Prevalence of overweight and obesity among younger (6-11y) and older (12-18y) CALD and non-CALD girls in Australia#(12) 
  
# = Figure developed from the results by O’Dea, (2008);(13) and CALD = Culturally and Linguistically Diverse. 
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The comprehensive NSW SPANS studies also provide detailed insight into CALD 
differences in overweight and obesity among Australian youth with repeated cross-
sectional data collection in 1985, 1997, 2004 and 2010.(30)  In the SPANS 2004 and 
2010 surveys, data among CALD children and adolescents are available with 
participants classified into CALD and non-CALD (English speaking) categories 
based on self-reported language spoken most at home.  Figure 2.4 presents changes 
in combined overweight and obesity (IOTF growth reference)(77) among Asian 
youths in grades K to10 (5-17y) from 2004 to 2010.  Appendix 1 & Appendix 2, also 
provides detailed estimates of the changes in the combined overweight and obesity 
prevalence among all four groups (English speaking, European, Middle Eastern and 
Asian) youth in Years K to10 by gender. In general, the results among Asian youth 
indicate a higher prevalence of combined overweight and obesity among boys than 
girls and among younger (Year K to 6) compared to older (Year 8 and10) 
participants.  In addition, temporal changes in overweight and obesity indicate 
increases in overweight and obesity prevalence among Asian youth for almost all 
year levels (excluding Year 10 and Year 6 boys and girls).(30)  This is despite overall 
declines in the prevalence participant of 0.15% per year between 2004 and 2010 for 
the overall sample,(30) highlighting CALD specific trends among Asian youth.   
When compared to non-CALD children and adolescents who predominantly spoke 
English at home, Asian boys had higher rates of combined overweight and obesity in 
both 2004 and 2010  in Years K  to 6 but lower rates in Year 8 to 10 in both survey 
years.(29, 30)  Asian girls typically had lower rates of overweight and obesity than 
English-speaking girls in Years K to 10.  This gender difference among younger 
Asian youth requires further investigation and may relate to the growth reference 
used since rates of combined overweight and obesity decline considerably in Years 8 
to 10. The NSW SPANS studies provide the only known surveillance information 
among Asian youth in Australia and indicate an increasing prevalence of overweight 
and obesity among younger children, as well as higher prevalence rates among Asian 
boys compared to predominantly English-speaking boys.  However, the classification 
of individuals by predominant language spoken at home may have biased the results, 
as it is possible that Asian adolescents speak predominantly English at home; thus it 
may have been more appropriate to examine country of birth or ancestry of 
participants.  Despite this pertinent limitation, the SPANS studies have highlighted a 
worrisome trend among Asian youth, and warrants further investigation. 
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Figure 2.4 Prevalence of combined overweight and obesity among Asian youth in NSW between 2004 and 2010#(29, 30) 
 
# = Figure developed from the results by Booth et al., 2006(29) & Hardy, King, Espinel, Cosgrove & Bauman (2011)(30), Year 6 = approximately 11-12y, Year 8 = approximately 13-
14y), Year 10 = approximately 15-16y) 
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2.3.9 Prevalence of overweight and obesity among Asian children and 
adolescents internationally (excluding Asia) 
Studies comparing the prevalence of overweight and obesity among Asian or 
Chinese children and non-CALD adolescents outside of Asia are sparse; however, 
rich representative data are available from New Zealand.  Presumably, this relates to 
the fact that New Zealand is an ethnically diverse country, like Australia, and has a 
high proportion (9.2%) of persons from an Asian background.(120)  Cross-sectional 
data among self-reported Asian youth are available from the 2006-07 National 
Health Survey and the Youth’07 survey.(12, 121)  The results of the 2006-07 National 
Health Survey indicated that the prevalence of obesity (IOTF) among youth (2-14y) 
was highest among Pacific youth (23.3%), compared to Maori (11.9%), Asian (5.9%) 
and European (5.5%) youth.(121)  In addition, data from the adolescent (13-17y) 
Youth’07 survey indicated a similar trend, with Pacific adolescents having the 
highest obesity prevalence (27.1%) and Asian adolescents the lowest (5.2%).(12)  This 
trend was also mirrored when examining overweight status, with Pacific adolescents 
having the greatest prevalence (34.5%) compared to Maori (29.9%), European 
(20.9%) and Asian adolescents (20.6%).(12)  Therefore, the combined prevalence of 
overweight and obesity among Asian adolescents (13-17y) in New Zealand was 
25.8% in 2007.(12)    These estimates among adolescents are much higher than the 
Australian 2006 National Youth Cultures of Eating Study, which had an combined 
prevalence of 19.4% among boys and 12.4% among girls aged 12-18y.(13)  A wide 
variety of methodological and country-specific influences are likely to have resulted 
in the higher prevalence among Asian adolescents in Zealand. 
 
Outside of New Zealand, a similar trend was observed in the US, with Asian youth 
having a lower prevalence of overweight and obesity compared to their non-CALD 
peers.(122)  Parent-reported height and weight data from the National Survey of 
Children’s Health 2007 indicated that Asian youth (10-17y) had the lowest 
overweight and obesity prevalence (18.5% and 8.7%) compared to all other groups, 
including: non-Hispanic white (26.8% and  12.9%), non-Hispanic black (41.1% and 
23.9%), Hispanic (41.0% and 23.4%), non-Hispanic mixed race (34.8% and 14.2%), 
American Indian (38.2% and 23.0%) and Hawaiian/Pacific islander (44.3% and 
20.9%).(122)  In addition, examination from the 2003 and 2007 surveys indicated the 
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prevalence rate among Asian youth in the US has declined since 2003.  In contrast, 
data from the Netherlands (123) and the UK(124) indicate a higher prevalence of 
overweight and obesity among Asian youth compared to their non-CALD peers.   
 
Objectively measured height and weight data collected through the Child Health 
Care routing surveillance measures from the Hague in the Netherlands revealed that 
South Asian boys (3-16y) had a higher prevalence of overweight (5.4% vs. 2.3%) 
and obesity (14.5% vs. 8.9%) compared to Dutch boys in 2007.(123)  Which was also 
evident among South Asian girls (3-16y) for overweight (12.6% vs. 10.9%)  and 
obesity (4.5% vs. 3.3%) compared to Dutch girls.(123) In addition, overweight and 
obesity among South Asian boys and girls was highest among children aged 7-10 
years, which is similar to the NSW SPANS studies, where combined overweight and 
obesity was highest among youth in grades 4 to 6 (approximately 9-12 years of 
age).(29, 30)    
 
In general, Asian youth in New Zealand and the US show similar trends to Asian 
youth in Australia with overweight and obesity being lower compared than their non-
CALD (predominantly European background) counterparts. (12, 122) However, the 
higher prevalence of overweight and obesity observed in the Netherlands may relate 
to the specific recruitment of South Asian youth and therefore, may be specific to 
this Asian sub-population.   
 
2.3.10 Prevalence of abdominal obesity among Australian children and 
adolescents 
Investigations into changes in waist circumference(s) among Australian children and 
adolescents are sparse, even though the waist circumference is considered a stronger 
predictor of cardiovascular disease risk than the BMI.(81, 82)  Garnett, Baur & Cowell 
(2011) recently examined the changes in waist circumference(s) among Australian 
children and adolescents from 1985 to 2007 using data from  three national 
datasets.(125)  Waist circumference z-scores were generated using the age and sex-
specific growth reference developed for Australian  youth (7-15y).(85)  However, 
extreme caution should be applied when interpreting these findings as two different 
waist circumference measurement sites were used in each survey and these cannot be 
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compared interchangeably since the choice of measurement site significantly 
influences estimates of abdominal obesity at all ages.(96, 107) The Australian waist 
circumference percentiles were developed using the data from the 1985 Australian 
Health and Fitness Survey which measured waist circumference at the level of the 
umbilicus, which is markedly different from the 1995 National Nutrition Survey and 
2007 ANCNPA, both of which used the midpoint between the iliac crest and costal 
boarder of the 10th (last) rib.(126, 127) The results indicate a significant increase in the 
proportion of boys (7-15y) with abdominal obesity (z-score ≥ 85th percentile) from 
13.3% in 1985, 22.9% in 1995 and 26.2% in 2007 (P<0.001).(125)   Additionally, 
there was a significant increase in abdominal obesity rates among girls between 1985 
(14.3%), 1995 (24.2%) and 2007 (30.6%).(125)  The differing measurement sites 
between 1985 and 1995/2007, in conjunction with comparisons to a non-identical 
growth reference, seriously confound these findings and are likely to have influences 
on the results. Nevertheless, the most recent results suggest a high prevalence of 
abdominal obesity among both girls and boys in Australia. 
2.3.11 Prevalence of abdominal obesity among CALD, particularly Asian 
children and adolescents in Australia 
The only known study to have investigated waist circumference(s) among Asian 
youth in Australia was the previously discussed longitudinal study among Sydney 
school children (8-9y).(109)  On average, there were no significant differences in mean 
waist circumference between South-East Asian (mean = 60.3 ± 9.3 cm) and Anglo-
Celtic (mean = 60.8 ± 7.4cm) Australian children.  However, when stratified by 
overweight and obesity status (IOTF), obese South-East Asian children had a 
significantly higher mean waist circumference (mean = 76.6 ± 7.0 cm) compared to 
Anglo-Celtic children (76.6 ± 7.0 vs. 73.5 ± 5.6 cm, p<0.05). (109)  Additionally, 
South-East Asian children were shown to have a significantly higher risk of high 
systolic blood pressure in the 3-year longitudinal analyses, with increasing BMI 
associated with 1.71 mm Hg increase in systolic blood pressure for South-East Asian 
children compared to 0.80 mm Hg increase among Anglo-Celtic Australians.(109)  
These results suggest an increased risk for South-East Asian children in Australia 
and support further investigation among adolescents, and to see if this is evident 
among Chinese-Australians.  
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2.3.12 Prevalence of abdominal obesity among Asian children and 
adolescents internationally (excluding Asia) 
Global estimates of abdominal obesity among adolescents (10-19y) are estimated to 
be between 3.8% to 51.7% in developed countries.(79)  The absence of an 
international waist circumference growth reference and agreed cut-point for defining 
abdominal obesity, and the wide range of measurement sites contribute to this wide 
variation in prevalence estimates. There are no known studies that have examined the 
prevalence of abdominal obesity among Asian or Chinese children or adolescents 
outside of Asia.  However, a small numbers of studies have examined differences in 
waist circumference and waist-to-hip ratio.  It is important to note that abdominal 
obesity can be defined using waist circumference measurements through the use of 
age and sex-specific growth references and application of a cut-point to classify 
abdominal obesity (e.g. 90th percentile), however, similar to the BMI, raw waist 
circumference measurements do not give an indication of the prevalence of obesity 
by themselves. 
 
The previously discussed cross-sectional Ten Towns Health study in England 
examined the relationship of adiposity measures with cardiovascular risk among 90 
South Asian (Pakistan and Bangladesh) and 1248 non-CALD (European) adolescents 
aged 13-16 years.(16)   Abdominal obesity prevalence was not assessed directly.  
However, mean waist circumference or waist-hip ratio did not differ significantly 
between groups.  Another previously discussed study, among New Zealand 
adolescents (12-19y) found mean waist circumference and waist to height ratio was 
significantly lower among Asian Indian boys compared to European boys after 
adjusting for age, height and weight (P<0.05), but not among girls.(14) However,  
objectively measured (DXA) abdominal fat mass (kg) adjusted for age, height and 
weight was significantly higher Asian Indian boys compared to European boys 
(P<0.05), again not for girls.(14)  Highlighting that among Asian Indian boys, 
differences in abdominal fat are evident when using objective measures but not by 
mean waist circumference. 
2.2.10 Summary 
This section has highlighted that there are significant health risks associated with 
overweight, obesity and abdominal obesity among children and adolescents.  In 
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particular, Asian children and adolescents typically have a higher percentage fat 
mass compared to their European counterparts and a propensity for abdominal 
obesity. As a consequence the sensitivity of the international BMI growth references 
(WHO and IOTF) may not be sufficient to accurately identify excess fat mass and 
disease risk in Asian and/or Chinese children and adolescents.  In the Australian 
context, no known study has examined the prevalence of overweight, obesity or 
abdominal obesity among Chinese children or adolescents.  Prevalence estimates 
from the NSW SPANS study indicate the combined overweight and obesity among 
Asian boys and girls in Year K to 6 increased between 2004 and 2010, despite 
overall declines in overweight and obesity for the entire sample.(30)  Since there is 
wide variation in culture, language, biology, religion and heritage among persons 
who stem from the continent of Asia, there is an urgent need to investigate 
overweight, obesity and abdominal obesity rate among Chinese-Australian youths 
specifically. 
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2.4 Physical activity and sedentary behaviour 
As highlighted in Chapter 1, overweight and obesity results from chronic energy 
imbalance where energy intake exceeds energy expenditure.(18)  Therefore, the 
contribution of both physical activity and sedentary behaviour to overall energy 
balance (Figure 2.1), plays an important role in the development of overweight and 
obesity and subsequent disease risk.   Therefore the influences on both physical 
activity and sedentary behaviour participation warrant investigation when examining 
overweight and obesity among children and adolescents.  Energy intake is also a 
fundamental contributor to the energy balance equation, however, the investigation 
of diet was outside the scope of this thesis and is acknowledged but not discussed 
herein. 
 
2.4.1 Definition of physical activity and sedentary behaviour 
There are several definitions of physical activity, but it is commonly defined as “any 
bodily movement produced by skeletal muscles that result in energy 
expenditure”.(128)  Exercise is a subset of physical activity and is often used 
incorrectly to refer to physical activity alongside fitness.  At its simplest, exercise 
aims to improve fitness components and is planned and/or structured, whereas 
physical fitness relates to a set of attributes an individual has or achieves and are 
health or skill-related (e.g. muscular power, aerobic capacity, coordination).(128)  
Physical activity is considered a complex behaviour and has several dimensions 
including: frequency (number of bouts, sessions or days); intensity (usually 
expressed as metabolic equivalent units of multiples of resting metabolic rate or 
(METS): light= 1.8-2.9, moderate= 3.0-5.9, vigorous= >6.0); duration (time); 
type/mode (type of physical activity behaviour, e.g. soccer); and domains (context of 
physical activity, e.g. household chores, active transport, occupational, leisure-time, 
physical education).(129)  The dimensions of physical activity are commonly used in 
varying combinations to describe and examine physical activity participation. 
 
Sedentary behaviour is distinct from physical activity and has been defined as “any 
waking behaviour characterized by an energy expenditure 1.5 METs while in a 
sitting or reclining posture”(130) for example sleeping, television (TV) viewing, small 
screen recreating and sitting .  The study of sedentary behaviour is an emergent field 
compared to physical activity and therefore the definition of sedentary behaviour is 
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evolving. Sedentary behaviour is also a complex behaviour and can be examined 
using the same dimensions as physical activity (frequency, duration, type and 
domain)(131) except for intensity as it is commonly identified through a fixed MET 
range of 1.0- 1.5.(132)  
 
2.4.2 Frameworks for understanding physical activity and sedentary 
behaviour 
Physical activity and sedentary behaviour both contribute to overall energy balance 
and are therefore important factors in the development of overweight and obesity, as 
highlighted in Figure 2.1.  Several theoretical models have been applied to 
understand physical activity and guide intervention design and have included (not an 
exhaustive list): the Health Belief Model,(133) the Theory of Planned Behaviour, (134), 
the Stages of Change Theory,(135) and Ecological Models.(1, 136, 137)  Theoretical 
models applied in sedentary behaviour research among children and adolescents are 
not apparent in the literature, primarily due to the emergence of this research area, 
but are logically similar to those that influence physical activity.    Figure 2.5 
presents the Ecological Model of Four Domains of Active Living, which is a 
comprehensive ‘onion’ style structure used to signify the multiple and interrelating 
influences on physical activity in the four domains (household, occupational, leisure-
time and active transport).(1)  Since physical activity is conducted in specific places, 
the four domain structure enables the examination of multiple levels of influences on 
participation in each domain.  The Ecological Model of Four Domains of Active 
living is advantageous when examining and potentially intervening on physical 
activity behaviour among CALD communities as the social and cultural 
environments operate across multiple intrapersonal, behavioural and environmental 
regions.  This cross-sector role highlights the complex interplay between social and 
cultural environments of physical activity behaviour which is likely to vary between 
CALD populations. In addition, the authors suggest that  psychological theories such 
as the Theory of Planned Behaviour, (134) and the Stages of Change Theory(135) could 
be applied at the intrapersonal level to enhance interventions, which subsequently 
makes this model highly comprehensive for examining /intervening on physical 
activity. 
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Figure 2.5  Ecological Model of Four Domains of Active Living# 
     
# = Adapted from Sallis et al., (2006)(1) 
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2.4.3 Physical activity and health 
The benefits of regular physical activity and health for children and adolescents are 
well documented and are commonly examined as risks associated with low levels of 
physical activity or absence of habitual physical activity, which is often termed 
physical inactivity and is distinct from sedentary behaviour.  Physical inactivity has 
been associated with lower high-density lipoprotein cholesterol, hypertension, 
metabolic syndrome and overweight and obesity among children and adolescents.(22) 
In addition, mental health outcomes including depression, anxiety, self-esteem and 
cognitive functioning have been shown to improve through regular physical activity 
among children and adolescents, however, the evidence base for these benefits is 
limited.(138)  Regular physical activity participation is important throughout the 
childhood years because the greatest bone mineral accrual occurs during the pre-
pubertal years, and is enhanced through exercise (139) and there is some evidence to 
suggest that physical activity behaviour tracks into adulthood.(140, 141)   
 
The importance of regular physical activity participation among children and 
adolescents has been recognised by the development of national physical activity 
guidelines in Australia(142, 143) and in several countries internationally e.g. the US,(144) 
Canada,(145) and the UK.(146)  In 2004, the Australian national physical activity 
guidelines for children and adolescents were released by the Commonwealth 
Department of Health and Aging and are broadly consistent with those of the US, 
UK and Canada. These guidelines outline the recommended levels of regular 
physical activity required to maintain a healthy lifestyle and an upper limit for 
sedentary electronic recreation:   
 
Children 5-12y:(143) 
x A combination of moderate and vigorous activities for at least 60 
mins.d-1 
x A maximum of 2 hrs.day-1 screen time (TV, computer games, 
internet) for entertainment 
 
Adolescents’ 12-18y:(142) 
x At least 60 mins.d-1 of moderate-to-vigorous physical activity 
(MVPA) every day 
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x A maximum of 2 hrs.day-1 using screen time (TV, computer games, 
internet) for entertainment 
2.4.4 Sedentary behaviour and health 
The relationship between sedentary behaviour and health among youth is complex.  
Sedentary behaviour is characterised by periods of low energy expenditure during 
waking hours that is slightly above resting metabolic rate, approximately 1.0-1.5 
METs and is largely comprised of activities where sitting dominates e.g. television, 
computer use, desk-bound work.(147)  A paradox surrounds sedentary behaviour as 
individuals can meet physical activity recommendations whilst also engaging in large 
amounts of sedentary behaviour (e.g. highly physically activity but highly 
sedentary).(26)  However, this paradox is not well understood among children and 
adolescents. 
 
The research between sedentary behaviour participation and health among children 
and adolescents is increasing, however, compared to physical activity is in its 
infancy.  Early research into sedentary behaviour and health commonly examined 
specific behaviours (e.g. television and computer use) and more recently total 
sedentary time is being examined through the use of accelerometers.(28) The 
relationship between sedentary behaviour and biomedical health among children and 
adolescents was recently reviewed by Chinapaw, Proper, Brug, Mechelen & Singh 
(2011).(27)  The review found there was moderate evidence for a negative relationship 
between sedentary time and aerobic fitness and insufficient evidence for a 
relationship between BMI, blood pressure, blood lipids and bone mass and sedentary 
time.(27)  However, these associations were largely examined through self-reported 
television and computer use rather than total sedentary time.  In contrast, another 
recent review found sedentary time ≥ 2 hrs.d-1 was associated with higher BMI/fat 
mass, decreased physical fitness, lower self-esteem, pro-social behaviour and 
academic achievement among youth 5-17y.(28) In addition, an older meta-analytic 
review found a positive relationship between TV and computer use with overweight 
and obesity, but the effect size was too small to be of clinical relevance.(148) The 
inconsistencies with overweight/obesity and TV time may  relate to the  high 
consumption of snacks when watching  television, rather than duration spent in front 
of the screen.  This  notion is supported by the  recent review by Pearson, Stuart & 
57 
 
Biddle (2011) who found television viewing was positively associated with energy-
dense snack consumption, fast food consumption, total energy intake and negatively 
associated with fruit and vegetable consumption among both children and 
adolescents.(149)  A limitation of the observed associations in the literature is that 
these findings are largely drawn from self-reports of screen time and television 
viewing and not derived from objectively measured sedentary time.  Whilst future 
research is still needed to examine the relationship between sedentary behaviour and 
health indicators, it appears that reducing screen time (TV and computer use) and 
overall sedentary time is likely to results in public health gains. 
 
This is highlighted in the national physical activity guidelines for Australian children 
and adolescents, which include upper limits for recreational screen time (≤ 2 hrs.d-1). 
(142, 143)   This upper limit of 2hrs.d-1 of recreational screen time has also been echoed 
in the Canadian Sedentary Behaviour guidelines for children and youth (5-17y).(150) 
 
2.4.5 Measurement of physical activity and sedentary behaviour 
Several reviews on measurement of physical activity (151-160) and sedentary behaviour 
(161, 162) among children and adolescents have been conducted.  In these reviews 
discussion has focused on the key attributes, methodological considerations and 
reliability and validity issues of previously used research instruments, which have 
been summarised in Table 2.3 for physical activity and Table 2.4 for sedentary 
behaviour.  The section following provides an introduction to the selection of an 
appropriate physical activity instrument which is also relevant for sedentary 
behaviour instrument selection.  Since there are no national recommendations for the 
examination of physical activity and sedentary behaviour, unlike overweight/obesity 
and abdominal obesity;(69) the selection of an appropriate instrument requires careful 
consideration.  
 
The assessment of habitual physical activity as opposed to recent or potentially one-
off participation is an important distinction when selecting or devising a 
measurement protocol because of the stronger relationship between regular/habitual 
physical activity participation and health outcomes.  Corder, Ekelund, Steele, 
Wareham and Brage (2008) describe habitual activity as  an underlying “….not 
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directly observable, time series of activity type and intensity, which varies greatly 
over short periods of time (seconds, minutes, hours)” from which summaries can be 
made about the data (e.g. average daily estimates). (157)(p977)   The information 
collected is commonly examined for trends in participation, to evaluate interventions, 
estimate energy expenditure, establish dose-response relationships with health 
outcomes and compare activity levels with national guidelines.(157)   
 
The nature of child and adolescent activity behaviour is also an important 
consideration when selecting a measurement instrument, as adolescent activity 
behaviour is different to that of children and adults.  Children are considered to be 
inherently active,(163) engaging in short intermittent bouts of activity with frequent 
rest periods.(164)  Adolescents are more similar to adults in terms of cognitive 
functioning (attention span, ability to recall activity and duration)  and engagement in 
continuous activity,(151) however, they are likely to differ in the importance of each 
domain of physical activity due to circumstance.(129)  
 
Several subjective (self-report and proxy-report recall questionnaires, diaries/logs 
and interviewer administered questionnaires) and objective techniques (motion 
sensors, direct observation, heart rate monitors, doubly labelled water (DLW) and 
indirect calorimetry) have been used to measure child and adolescent physical 
activity levels,(151, 155) however, these classification categories (subjective or 
objective) can vary between authors.(153, 155, 159)  The selection of one instrument in 
preference to another depends on a variety of factors including the aims of the study, 
scale, cultural and social/environmental factors, burden on participants, accuracy and 
practicality concerns of the instrument and resources available / budget of the 
study.(165)  There is no singular instrument that is valid, precise, economical and 
practical for large scale studies.(151)  Welk, Corbin & Dale (2000) describe the choice 
of physical activity measure as the “accuracy-practicality trade off” which 
encompasses the raft of decisions involved in selecting an instrument.(151)  For 
example, the use of DLW has become the ‘gold standard’ for the validation of field 
measures of physical activity energy expenditure (PAEE) as it is considered an 
excellent measure of total energy expenditure (TEE) and through validated equations 
involving basal metabolic rate, PAEE can be calculated.(166)  However, DLW is very 
expensive and thus impractical for large scale studies, and does not provide any 
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additional information regarding the dimensions of physical activity.(165)  In contrast, 
accelerometers can quantify physical activity frequency, intensity, duration and 
estimate PAEE using validated equations and have less subject burden than heart rate 
monitors, but are costly and some models cannot measure swimming, cycling or stair 
climbing activities.(167)  Pedometers, on the other hand, are more cost-effective than 
accelerometers and can provide estimations of step counts and PAEE via prediction 
equations, but provide no information on activity intensity(168) and have demonstrated 
difficulty in reliably estimating running activities of adolescents.(169)   
 
In brief, the DLW technique is a non-invasive measure of TEE and is based on the 
movements of the ingested/injected deuterium-labelled water isotope (2H2O) and 
oxygen-18-labelled water (H218O) isotope.(170) The rate of loss of the oxygen-18-
labelled water  through normal water loss(urine, sweat, evaporation) and carbon 
dioxide is slightly faster rate than deuterium-labelled water through  normal water 
loss.  Thus, the rate at which the two isotopes are expelled from the body is reflective 
of carbon dioxide production and reflects energy expenditure.(171)  It is then through 
the application of validated equations involving basal metabolic rate, PAEE can be 
calculated.(166)  In contrast, accelerometers are small motion sensors that detect 
changes in speed of the body with respect to time (acceleration), and are based on the 
principle that acceleration is proportional to the muscular forces involved and thus 
reflect the energy cost of physical activity.(172)  When the accelerometer is exposed to 
acceleration, the piezoelectric element contained within, compresses and produces an 
electrical signal (both positive and negative), which is detected by the sensor and is 
proportional to the applied acceleration.(172)  It is these voltage outputs that are 
transformed into numerical units of measurement called counts.(172) The number of 
counts occurring in a selected time period, called an epoch, is stored in ‘real time’ 
and can be presented in the raw form as ‘total counts’ or as counts over time e.g. 
‘counts.min-1.(158)  In many instances these counts are also converted into estimates 
of frequency, intensity and PAEE based on prediction equations (173) and defined cut-
points.(174)  Finally, pedometers are similar to accelerometers in that they detect 
motion of the body, specifically the vertical displacement of the hip via a horizontal 
spring-suspended lever.(175)  A pedometer counts the number of vertical accelerations 
of the body as steps and they typically do not examine the number of steps in real 
time.(176)  Resulting in a numerical value for the total number of steps which can be 
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manually recorded by the participant e.g. steps per day or some models can store the 
number of steps per day for up to 7-days.  The number of step counts are sometimes 
converted into estimates of PAEE via prediction equations,  however, a limitation is 
that they provide no information on activity intensity, frequency, duration or 
type.(168) 
 
In the absence of a comprehensive and practical measure of physical activity, 
researchers have used a combination of measures to improve physical activity 
assessment, however, this may add to participant burden and investigator time and 
costs.(177)  The above three examples also highlight the decision process made 
between the aims of the study and selecting a research instrument.  In some studies 
the outcome of interest may be PAEE, thus DLW would be of preference.  However, 
if contextual information regarding the dimensions of physical activity, including 
participation in MVPA is the primary aim, then a combination of self-report and 
accelerometry or self-report and pedometry would be considered more appropriate.   
The following tables provide a description of the key attributes, methodological 
considerations and reliability and validity issues of common physical activity among 
children and adolescents.  
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Table 2.3 Measures of child and adolescent physical activity# 
Subjective 
measures 
Population,  
sample size 
Method/ 
delivery mode 
Assessment 
time frame 
Data output 
Technical error 
Sources of error 
Cost Dimensions 
captured 
Reliability and validity Consideration 
Recall 
questionnaires
/ interviews 
10-18y 
Small to large 
samples 
Questionnaires 
cab be paper or 
electronic, 
whereas 
interviews can 
be phone-based 
or face-to-face. 
One off 
assessment 
that typically 
requires recall 
of  physical 
activity in a: 
 - typical wk, 
- last week, 
- last 1-3d, & 
- last year. 
 
Large 
Subject to recall and 
literacy ability of 
respondents.  
Influenced by 
motivation to 
complete accurately or 
entirely.   
Socially desirability 
Under-reporting of  
incidental activities  
Intensity  is perceived  
Low Frequency, 
duration, 
type, 
domains and 
sometimes 
an estimate 
of intensity.  
x A review of criterion and construct validity of subjective and 
objective measures of PA among youth (≤ 19 years) found low-
to-moderate correlations (r = -0.56 - 0.89) with subjective 
measures generally overestimating physical activity (-95 to 13 
035%) compared to accelerometry or HR monitoring.(159) 
x A review of the reliability and validity properties of 61 
questionnaires among youth (≤18y) found test-retest correlations 
ranged from 0.02-0.77 and validity (both criterion and construct) 
from very poor (negative) to high (0.78).(178)  No reviewed 
questionnaire had both acceptable reliability and validity. 
Ease to 
administer, 
low cost and 
can capture 
physical 
activity 
historically.  
Diaries/logs 10-18y 
Small to large 
samples 
Can be paper-
based or 
electronic 
Reporting can 
be detailed, 
every 1min to 
several hours. 
One week is 
recommended 
Moderate 
participant reactivity. 
Subject to recall 
difficulties and 
participant burden. 
Low Frequency, 
duration, 
type and 
sometimes 
an estimate 
of intensity. 
x No specific review among youth available 
x A study examined criterion validity of an activity diary (PAEE) 
against DLW among 50, adolescents (15y).(179)  Bland-Altman 
plots for the mean difference in PAEE by diary versus DLW was 
0.001, with the limits of agreement ± 2 SD were 0.54.(179)   
x Another study examined criterion validity of the Bouchard 
activity diary among 37 Spanish adolescents (12-16y). (180) 
Correlations between the accelerometer and activity diary were 
moderate (ρ = 0.33-0.35, p<0.05) for total PA and moderate 
(ρ=0.36, p<0.05) for MVPA.(180) 
Easy to 
administer.  
Can have 
motivational 
issues to 
complete 
diary. 
 # = adapted from Dollman et al., 2009 (129); All shaded sections were researched and developed by the candidate, with the unshaded sections adapted. 
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Table 2.3 Continued# 
Objective 
measures 
Population,  
sample size 
Method/ 
delivery mode 
Assessment 
time frame 
Data output 
Technical error 
Sources of error 
 Cost Dimensions 
captured 
Reliability and validity Consideration 
Motion sensors 
 
Accelerometer 
3-18y 
Small to large 
sample size 
Accelerometer 
is usually worn 
over the right 
hip. 
A 7-days 
monitoring 
period is 
recommended 
Low 
No standard data 
reduction protocol 
Some models  
cannot detect 
motion in  more 
than one plane as 
well as cycling and 
water-based 
activities 
 Recommended to 
be removed for 
contact sports 
High 
$50-400 
each 
(158) 
Frequency, 
intensity, 
time and 
PAEE via 
equations. 
x Review of reliability (intra-instrument) and validity (criterion 
and construct) among youth found ICC’s ranged from 0.45 for 1-
day of monitoring to 0.90 for 8-days of monitoring among 
children (3-15y) for ActiGraph accelerometers.  Criterion 
validity of ActiGraph accelerometers with direct observation was 
moderate to high (r = 0.52-0.77), but only slight for PAEE  
measured by DLW ( r = 0.22- 0.33) among 3-7y children.(181)  
Using indirect calorimetry, correlations ranged from  r = 0.66 to 
0.85 among  6-15y and r = 0.92 using multiaxial accelerometers 
(6-10y).(181) 
x In a study, reliability (inter-instrument) of three ActiGraph 
models (7164, 71256 & GT1M) using mechanical oscillations 
found  GT1M ActiGraph accelerometers produced lower peak 
counts but had decreased sensitivity to low frequency motion 
compared to the older ActiGraph 7164 & 71256 models.(182) 
Intra-instrument reliability higher for GT1M model compared to 
the 7164 and 71256 model.(182) 
x In another review, criterion validity of ActiGraph and MTI 
models was compared to DLW were moderate with PAEE 
(accelerometer) to DLW (0.51-0.61 ) among adolescents.(166)   
May require 
log/diaries to 
record 
periods of 
non-wearing.  
Compliance 
issues may 
be present 
among 
adolescent 
and obese 
participants. 
Motion 
sensors 
 
Pedometers 
5-18y 
Small to large 
sample size 
Usually worn 
over right hip 
A 7-days 
monitoring 
period is 
recommended 
Low 
Insensitive to non-
locomotive motion. 
Susceptible to 
tampering/lost data 
Mod 
$17-60 
each 
(158) 
Frequency, 
time, 
intensity 
(can be 
calculated) 
x Criterion validity against direct observation high ( r= 0.8) 
among youth  and increased with speed (4-20y). (183)  Construct 
validity against accelerometers ranged from 0.47 – 0.99, with 
bilateral (right versus left hip) reliability ranging from moderate 
to high (ICC 0.33 -0.99).(183)   
Must calibrate 
for stride 
length and/or 
weight. 
# = adapted from Dollman et al., 2009 (129); All shaded sections were researched and developed by the candidate, with the unshaded sections adapted.  
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Table 2.3 Continued#        
Objective 
measures 
Population,  
sample size 
Method/ 
delivery mode 
Assessment 
time frame 
Data output 
Technical error 
Sources of error 
Cost Dimensions 
captured 
Reliability and validity Consideration 
Direct 
observation 
3-18y 
Small sample 
size 
Video/film or 
human eye.  
Cyclic 
observation 
procedure over 
multiple 
observations 
(e.g. 15-30sec) 
1+ days, or 
applied in 
specific time 
periods of 
interest e.g. 
Physical 
Education 
class, recess, 
lunch etc. 
Low 
Can be subject to 
participant 
reactivity.  
High Frequency, 
type, 
duration and 
generalised 
intensity.   
x Review of 9 different protocols utilised among children and 
adolescents found interval by interval inter-observer reliability 
coefficients ranged from 84-98%.(184)  In addition, 8/9 separate 
systematic observation protocols had undergone some form of 
validation (184)   
x Reliability and validity of the SOCARP direct observation 
technique was moderate with accelerometry  (r = 0.67) 
PAEE.(185)  Intra- and inter-observer reliability was compared 
to video recordings  (85-93%) for activity level, type, social 
interaction and group size.(185) 
Ethics approval 
to observe 
children may 
be problematic. 
Observation 
that is 
unobtrusive 
may reduce 
reactivity 
Time intensive  
Heart Rate 
(HR) 
monitors 
5-18y 
Small to 
medium 
sample size 
A chest strap  
collects heart 
rate 
information 
whilst a 
wristwatch 
displays heat 
information. 
One week is 
recommended 
Low 
Heart rate is 
affected by more 
factors than just 
physical activity, 
e.g. ambient 
temperature, 
emotions, caffeine.  
Not all models are 
waterproof. 
High Frequency, 
intensity, 
time 
 
Combined 
with VO2 
can estimate 
PAEE 
x A review of test-retest reliability of HR monitors, with two 
studies conducted among children and adolescents found 
moderate reliability observed for total activity ( r = 0.70) and 
high for baseline HR values (r  = 0.84).(186) 
x Validity of HR monitors to estimate TEE via the popular FLEX 
HR method (which assumes above a give intensity threshold 
there is a linear relationship between HR and oxygen 
consumption) (167) was examined.(187)  For all ages10-14y) 
except 15y, average HR TEE was lower than DLW TEE, 
however, these differences were not significant except for 9y 
children (P< 0.001).  Variability within individual HR TEE was 
evident among 23 participants (-16.7% to + 18.5%, however, 
the majority of values lie within ± 10% of the DLW TEE 
estimates.(187)  
x HR monitoring to predict MVPA has not been examined. 
Individually 
calibrated 
Instrument 
can move 
position 
 HR monitor 
can be 
susceptible 
to poor pick 
up or 
interference 
in free living 
conditions   
 
Respondent 
burden 
 # = adapted from Dollman et al., 2009 (129); All shaded sections were researched and developed by the candidate, with the unshaded sections adapted. 
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Table 2.3 Continued# 
Objective 
measures 
Population,  
sample size 
Method/deliv
ery mode 
Assessment 
time frame 
Data output 
Technical error 
Sources of error 
Cost Dimensions 
captured 
Reliability and validity Consideration 
DLW 6-18y 
Small sample 
size 
Requires 
ingestion of two 
stable isotopes 
and collection 
of urine 
samples at a 
later date for 
laboratory 
analysis. 
3-14 days Low 
Analytical problems 
within the 
laboratories.   
Very 
high 
None 
TEE  and 
subsequently 
PAEE via 
validated 
equations 
x The DLW technique has been used as the criterion to validate 
PAEE estimates from various measures.  Validity of this 
criterion measure against indirect or direct calorimetry among 
adolescents is not present in the literature to our knowledge.  
However a summary of validation studies of DLW and indirect 
calorimetry in humans (infants, children and adults) by 
Speakman (1998)(188) from 1982-1996 revealed individual 
deviations were higher than the group mean, with the accuracy 
of the technique within 10% of each other.(188)  In addition a 
review of 16 published studies on the reliability of the DLW 
technique for TEE estimation was  7.8%.(189) 
 
 
Impractical 
due to cost 
for large 
studies   
No PA 
dimensions 
captured 
Parental 
approval 
difficult  
Can easily 
monitor free-
living 
conditions 
and has low 
reactivity 
(155) 
# = adapted from Dollman et al., 2009 (129); All shaded sections were researched and developed by the candidate, with the unshaded sections adapted. 
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Similar to the measurement of physical activity, the selection of a sedentary 
behaviour measure requires due consideration of the measurement properties of the 
chosen instrument, in addition to the requirements of the study.  Whilst many 
measures of physical activity are applied in the measurement of sedentary behaviour, 
the differences in reliability and validity properties of these instruments among 
children and adolescents is presented in Table 2.4.  
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Table 2.4  Measures of child and adolescent sedentary behaviour  
Subjective 
measures 
Population,  
sample size 
Method/ 
delivery mode 
Assessment 
time frame 
Data output 
Technical error 
Sources of error 
Cost Dimensions 
captured 
Reliability and validity Consideration 
Recall 
questionnaires
/ interviews / 
diaries 
Same as 
physical 
activity 
Same as 
physical 
activity 
Same as physical 
activity 
Low Duration 
Domain 
x A review, found test-retest reliability was measured by a 
variety of means, making summation difficult, but was most 
commonly examined using ICC’s.  A measure was deemed to 
have acceptable test-retest reliability if it had an ICC or kappa 
≥ 0.70 or Spearman’s Rank ≥ 0.80.  Of the 13 measures that 
reported test-retest reliability, 7 were considered 
acceptable.(161)  Criterion validity of self-report or proxy-
report measures was only examined in 3 studies with 
concurrent validity in a further 5 studies.  Of note, was the 
Adolescent Sedentary Activity Questionnaire among girls had 
a mean difference between self-report and accelerometry 
derived sedentary time as -3.2hrs/week and 95% of data 
points within ±2SD of the limits of agreement.(190)   
Same as 
physical 
activity 
Motion sensors 
 
Accelerometer 
Same as 
physical 
activity 
 
3-7 days  is 
recommended
(162)  
Same as physical 
activity in addition 
to a lack of 
consensus as to 
which cut-point 
indicates sedentary 
time. 
High Duration x A review found ≥ 80% specificity and sensitivity of 
accelerometers against direct observation or calorimetry.(161)  
x Another review, found  accelerometer cut-point to define 
sedentary time significantly influenced the mean minutes per 
day in sedentary behaviour.(162)    
No information 
on type of 
sedentary 
behaviour is 
given.(161)   
Direct 
observation 
Same as 
physical 
activity 
Same as 
physical 
activity  
Same as physical 
activity 
High Duration, 
type, domain 
x A review, found inter-observer reliability was high for all 
observation techniques (r ≥0.80 or ≥84% agreement).(161)  
Construct validity of the Children’s Activity Rating Scale 
(CARS), BEACHES and SOFIT observation systems 
contrasted with HR monitoring in correctly identifying type.  
All studies found that mean HR differed by sedentary type  
Same as 
physical 
activity 
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2.4.6 Physical activity and sedentary behaviour among Australian 
children and adolescents 
The most recent national data examining physical activity and sedentary behaviour 
among children and adolescents is derived from the 2007 ANCNPAS.(4) The results 
indicated that 32% of children aged 9-16 years met the national physical activity 
guidelines using the ݈݈ܽ ൈ ݀ܽݕݏ method and 82% using the ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ 
method, based on self-reported behaviour.(4)  The  ݈݈ܽ ൈ ݀ܽݕݏ method requires the 
participant to meet the minimum recommendation (≥ 60mins.d-1 of MVPA) on all 
days sampled in contrast to the ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method which requires the 
participants to accumulate ≥ 60mins.d-1 of MVPA when averaged across the number 
of days sampled.(4) Table 2.5 provides an overview of the differences between 
younger and older youth and boys and girls in the proportion meeting the 
recommendations. 
 
Table 2.5 Proportion of Australian youth meeting the physical activity 
recommendations by definition criteria# 
 Boys  
(9-13y) 
Boys  
(14-16y) 
Girls  
(9-13y) 
Girls  
(14-16y) 
ܣ݈݈ ൈ ݀ܽݕݏ method 34% 35% 33% 13% 
ܣݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method 94% 77% 86% 59% 
# = Adapted from the Commonwealth Department of Health and Ageing (2008)(4) 
 
As expected, boys and younger children (9-13y) were more likely to meet the 
recommendation than girls and older adolescents (14-16y), regardless of the 
recommendation criteria used.(4)  When examining the proportion of youth who met 
the screen time recommendations of ≤ 2hrs.d-1 for recreational usage, less than one 
quarter of youth (9-16y) met this recommendation using the ݈݈ܽ ൈ ݀ܽݕݏ method 
(7%) and ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ criteria (22%).(4)  Table 2.6 (following) highlights that 
there were marginal differences between younger and older adolescents in meeting 
screen time recommendations, however, girls were more likely than boys (4% all 
days and 16% average days) to meet the recommendation. In general, these findings 
suggest low adherence to the national recommendations for physical activity among 
girls and older adolescents in particular, with excessive screen time prevalent for all 
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youth, but particularly boys.  A limitation of the current national data is the absence 
of information on total sedentary time, as opposed to specific sedentary behaviours 
(e.g. screen time), however, the available information provides important insights 
into screen time behaviours of Australian youth. 
 
Table 2.6 Proportion of Australian youth meeting the screen-time 
recommendations by definition criteria# 
 Boys  
(9-13y) 
Boys  
(14-16y) 
Girls  
(9-13y) 
Girls  
(14-16y) 
ܣ݈݈ ൈ ݀ܽݕݏ method 5% 4% 10% 8% 
ܣݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method 19% 12% 28% 28% 
# = Adapted from the Commonwealth Department of Health and Ageing (2008)(4) 
 
Data on secular trends in physical activity among Australian children and adolescents 
primarily stem from the cross-sectional NSW SPANS studies.  Results from the 
1997, 2004 and 2010 surveys are presented in Table 2.7 for  adolescents in Year 8 
and 10 across the three collection periods.(29) (30)   In general, the findings indicate an 
increase in the proportion of adolescents meeting the minimum of 60mins.d-1 of 
MVPA between 1997 and 2004 and a decline between 2004 and 2010.  This peak 
and trough pattern was similar for boys and girls, younger and older adolescents and 
in summer and winter.  However, gender differences in the proportion of males 
compared to females meeting the physical activity recommendation remained at 
every year surveyed. Secular trends in sedentary behaviour participation were also 
available for the 2004 and 2010 surveys and indicate a minor increase in sedentary 
behaviour among boys (Yr 6-10) (5.7 hrs.d-1 to 6.0 hrs.d-1) and no change among 
girls (5.3 hrs.d-1).(30)  The data from the NSW SPANS surveys provide some of the 
only surveillance information among Australian youth using repeated measures and 
highlight a recent decline in the proportion of adolescent boys and girls meeting the 
national physical activity guidelines since 2004 and a minor increase in sedentary 
behaviour among adolescent boys. 
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Table 2.7 Trends in proportion of adolescents meeting national physical activity 
recommendations 1997-2010# 
 Boys (%)  Girls (%)  
 Yr 8 Yr 10 Yr 8 Yr 10 
Summer     
1997 29.8 44.3 32.4 29.1 
2004 82.1 69.7 68.7 52.4 
2010 65.6 65.6 61.4 57.9 
Winter     
1997 60.1 68.5 43.3 38.6 
2004 68.6 66.5 50.6 43.5 
2010 55.2 61.1 44.1 47.4 
  # = Table extracted from the results by Hardy, King, Espinel, Cosgrove & Bauman (2011)(30) 
 
2.4.7 Physical activity and sedentary behaviour among CALD, 
particularly Asian children and adolescents in Australia 
Similar to overweight and obesity, the NSW SPANS surveys provide insights into 
CALD and non-CALD (English-speaking) differences in physical activity among 
Australian children and adolescents.  Figure 2.6 and Figure 2.7 displays the 
proportion of children in Year 6 to 10 who met the physical activity 
recommendations in summer and winter in 2010.  It is evident in both figures that a 
lower proportion of Asian youth met the recommendations compared to English-
speaking youth at any given year level, gender or season.  These differences were 
statistically significant in several instances, but particularly among Asian girls in 
summer and older Asian girls in winter.  
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Figure 2.6 Proportion of youth achieving ≥ 60mins.d-1 of MVPA during summer school terms by CALD group in 2010# 
 
# = Figure developed from the results by Hardy, King, Espinel, Cosgrove & Bauman (2011),(30) Year 6 = approximately 11-12y, Year 8 = approximately 13-14y), Year 10 = 
approximately 15-16y) and * = significant difference from English-speaking youth (P <0.05). 
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Figure 2.7 Proportion of youth achieving ≥ 60mins.d-1 of MVPA during winter school terms by CALD group in 2010# 
  
# = Figure developed from the results by Hardy, King, Espinel, Cosgrove & Bauman (2011),(30) Year 6 = approximately 11-12y, Year 8 = approximately 13-14y), Year 10 = 
approximately 15-16y) and * = significant difference from English-speaking youth (P <0.05). 
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Apart from the NSW SPANS surveys, investigations into physical activity levels 
among Asian youth living in Australia are scarce.  However, two known studies 
examined differences in physical activity participation among Vietnamese-Australian 
and Anglo-Australian adolescents (approx 11-15y).(191, 192)  These two studies, one 
among girls and one among boys in South Australia, examined self-reported 
frequency in MVPA blocks equalling 30mins.d-1.  It was revealed that the mean 
number of MVPA blocks did not significantly differ between Vietnamese-Australian 
and Anglo-Australian boys (3.2 vs.3.7 blocks day-1) or girls (2.3 vs. 3.5 blocks day-
1).(191, 192)    However, the lack of statistically significant differences is likely to have 
been influenced by the small number of Vietnamese-Australian adolescents recruited 
in each study (62 boys and 39 girls) as well as the imprecision of the measure as a 
non-significant trend of higher engagement among Anglo-Australian adolescents was 
observed.  
 
Investigations into CALD differences in self-reported sedentary behaviour were also 
undertaken in the 2010 NSW SPANS survey.  Significant differences in mean 
weekday duration in sedentary behaviour (outside of school hours) were evident for 
older (Year 8 to 10) compared to younger youth (Year K to 6).(30)   It was found that 
Asian boys in Year 8 (5.5 vs.5.0 hrs.d-1) and in Year 10 (6.9 vs. 6.0 hrs.d-1) engaged 
in significantly higher amounts of sedentary behaviour than English speaking boys 
(P<0.05).(30)   Among Asian girls, the only significant difference in weekday 
sedentary behaviour was observed between girls in Year 8 (5.6 vs.4.7 hrs.d-1) 
(P<0.05).  Participation in weekend sedentary behaviour was similar with Asian boys 
in Year 6 (7.2 vs.5.7 hrs.d-1) and  in Year 8 (8.5 vs.7.6 hrs.d-1) engaging in 
significantly more sedentary behaviour than English-speaking boys,  and Asian girls 
in Year 10 (10.3 vs. 8.5 hrs.d-1) (P<0.05).(30)  These differences in sedentary 
behaviour may only range between 0.5 -1.8 hrs.d-1 per day, but when added across an 
entire week, month and year, represent a substantially higher amount of sedentary 
participation which may have adverse health implications.   
  
73 
 
2.4.8 Physical activity and sedentary behaviour among Asian, 
particularly Chinese children and adolescents internationally (excluding 
Asia) 
International comparisons among Asian or Chinese CALD youth compared to non-
CALD youth predominantly stem from the US,(36) UK(33, 34, 38)  and New Zealand.(32, 
37)  In general, physical activity levels among Asian children and adolescents have 
been shown to be lower than their non-CALD peers (Table 2.8).  In addition, among 
the few studies that have also examined CALD differences in sedentary behaviour, 
there appears to be a trend for increased participation among Asian youth.(33, 36, 38)  
The cross-sectional accelerometry study among South Asian children (9-10y) in 
England(33) provides important insight into the objectively measured difference 
between Asian and European children, which is free from self-report bias.(159) 
Participation in daily MVPA was significantly lower among South Asian (mean 65, 
95% CI: 62, 68) compared to White European children (mean 70, 95% CI: 67, 72) 
(P<0.001). (33)   In addition, South Asian children recorded significantly more daily 
sedentary time (mean 593, 95% CI: 582, 605) than White European children (mean 
554, 95% CI: 545, 563), (P<0.001). Participation in light-intensity physical activity 
was investigated but did not significantly differ between the two groups.   
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Table 2.8 Summary of international studies investigating difference in physical activity and/or sedentary behaviour among Asian youth 
First Author 
(year)ref# 
Description of the study and 
participants 
Measure of physical 
activity and/or 
sedentary behaviour 
Differences in  physical activity and/or sedentary 
behaviour 
 
Duncan (2008)(34) 397 white and 209 South Asian  (India, 
Pakistani and Banglasdeshi) 
schoolchildren (11-14y) in the UK 
Self-report 24-hour 
physical activity recall on 
four occasions 
Asian ↓ daily MVPA (68.2 mins.d-1) compared to white 
(90.2 mins.d-1) (P<0.001) 
Broderson 
(2007)(38) 
A 5-year longitudinal study (The Health 
and Behaviour inTeenagers Study)  
involving 5863 from London aged 11-12y 
at baseline.  Students were surveyed 
annually from Year 7 to Year 11. 
Self-report questionnaire 
examining VPA 
frequency in the past 7-
days. Self-report duration 
spent watching TV 
and/or computer on 
weekdays and weekends. 
Asian ↓ VPA than white (European) at all time points 
(P<0.001) 
 
Asian ↓ PA frequency (-0.5d.wk-1) than white (European)  
 
Asian girls Y 8 to 11 ↑ sedentary behaviour than  European 
girls (P<0.05) 
 
Asian boys no significant/or appeared to be examined with 
European boys 
Owen (2009)(33) The Child Health Health Study in England 
(CHASE) among 2071 children in the UK. 
Accelerometry on at least 
1-full-day 
Daily participation in 
MVPA and sedentary 
time 
South Asian ↓ MVPA (65 mins.d-1) than White European 
children (70 mins.d-1) (P<0.05) 
 
South Asian ↑sedentary time (593 mins.d-1) than White 
European (554 mins.d-1) (P<0.001) 
Duncan (2006)(32) Multiethnic sample of 1115 New Zealand 
children (5-12y) living in Auckland.  
Participants were 49% European, 30% 
Polynesian and 17% Asian and 4% other. 
Pedometer determined 
average weekday and 
weekend steps 
Asian ↓ weekday steps (14134 steps.d-1) than European 
(15072 steps.d-1) 
 
Asian ↓ weekend steps (14136 steps.d-1) than European 
(12302 steps.d-1) 
Significant overall ethnicity effect for all ethnic groups 
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Table 2.8 Continued 
First Author 
(year)ref# 
Description of the study and 
participants 
Measure of physical 
activity and/or 
sedentary behaviour 
Differences in  physical activity and/or sedentary 
behaviour 
 
Duncan (2008)(37) 1513 girls aged 5-16y in New Zealand.  
The sample comprised of 42% European, 
18% Pacific Island, 14% East Asian, 12% 
Maori, 9% South Asian and 5% Other. 
Pedometer 
Mean weekday and 
weekend step counts 
East Asian (11121) and South Asian (11314) girls ↓ 
weekday steps than European (12830) girls (P<0.05) 
 
East Asian (7599) and South Asian (7672)  girls ↓ weekend 
step count than European (10433) girls 
Pate (2006)(36) Study among1578 girls in grade 6 from six 
cities across the US. 
Accelerometer worn for 
7-days, 6 days of 
monitoring required for 
analysis. 
Asian-American girls ↓MVPA mins.d-1day (18.5 vs.24.6 
mins.d-1) than white girls. 
 
Asian-American girls ↑ sedentary time (478.8 vs.457.0 
mins.d-1) than white girls.   
 
No discernible differences in light-intensity physical 
activity between CALD groups at 340-342 mins.d-1. 
McGuire (2002)(39) Subgroup of participants in Project EAT 
(Eating Among Teens) study in 
Minneapolis/St Paul, Minnesota (US).  
900 adolescents (29% white, 23% African 
American, 21% Asian, 14% Hispanic and 
13% Other 
Self-report physical 
activity and sedentary 
behaviour questionnaire.  
Hours of PA and TV 
viewing per week 
Asian boys ↓ (8.8 hrs.wk-1) PA than White (11.6 hrs.wk-1)* 
 
Asian girls ↓(7.4 hrs.wk-1) PA than White (10.2 hrs.wk-1)* 
 
Asian boys (21.6 hrs.wk-1) ↑ TV than White boys (19.5 
hrs.wk-1) 
No difference between Asian girls and White girls for TV 
 
*Not examined for CALD –specific significance 
2.4.9 Correlates of physical activity and sedentary behaviour 
Several systematic reviews have reviewed the evidence on the numerous influences 
(or correlates) on physical activity(193-196) and sedentary behaviour(147, 193, 194) among 
children and adolescents.  These reviews have typically used an ecological approach 
to examine demographic and biological, psychological, behavioural, and social and 
physical environmental influences on participation with the policy environment 
omitted.(193-196)  Table 2.9 presents the findings of three systematic reviews among 
children and adolescents that investigated correlates of physical activity.(193-195)   
 
Table 2.9 Influences on child and adolescent physical activity# 
Influence Sallis et al., 
(2000) 
Van Der 
Horst et al., 
(2007) 
Uijtdewilligen 
et al., (2011) 
Children    
Demographic and biological    
Age ? 0 ? 
Caucasian ? 0  
Sex (Male) + + ? 
Single parent 0 0  
Socioeconomic status 0   
Parental education  0 ? 
BMI/skinfold(s) ? 0  
Parent overweight/obese +   
Psychological, cognitive and emotional factors 
Self-esteem 0   
Self-perception  0  
Self-efficacy  +  
Barriers to PA  0  
Enjoyment of PA + 0  
Intention +  + 
Perceived behavioural control   ? 
Behavioural    
Watching TV  0  
Past physical activity +  ? 
Screen time ?  ? 
Healthy diet +   
Time outdoors +   
Social 
Parental activity  +M/0F ? 
Family influences    
Friend support    
Parental support  +  
Environmental    
Access to facilities + 0  
Table 2.9 Continued on the next page 
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Table 2.9 Continued  
Influence Sallis et al., 
(2000) 
Van Der Horst 
et al., (2007) 
Uijtdewilligen et 
al., (2011) 
Adolescents    
Demographic and biological    
Male + + ? 
Age - ? + 
Caucasian + 0  
African American   - 
Socioeconomic status 0 0  
Parental education  + ? 
BMI/skinfold(s) 0 0 ? 
Psychological, cognitive and emotional factors    
Attitude ? + ? 
Self-efficacy ? +  
Intention + ? ? 
Perceived barriers 0 ?  
Perceived benefits ? 0  
Sporting competence + 0 ? 
Goal orientation/motivation + +  
Self-perception ? 0  
Fun enjoyment 0 0  
Depression - 0  
Smoking ? 0  
Prefer sedentary activities   ? 
Rather do other things   ? 
Boys are better at activity   ? 
Exercise controls weight   ? 
Perceived behavioural control   ? 
Planning   + 
Perceived parent activity   ? 
Sensation/thrill seeking +   
Behavioural    
TV/sedentary time - 0 ? 
PE/school sports 0 +  
Past physical activity +  + 
Community sports +   
Social    
Parental activity 0 0 ? 
Family influences/support + +  
Friend support + +  
Parental co-participation   ? 
Sibling PA +   
Environmental    
Availability of facilities 00 0  
#= Table developed from the findings of Sallis, Prochaska & Taylor (2000),(195) Van Der Horst, Chin 
A. Paw, Twist & Mechelen (2007)(193) and Uijtdewilligen, Nauta, Singh, van Mechelen, Twisk and 
Van Der Horst (2011), (194) When of the associations were in a similar direction, this was coded as 
positive (+), inverse (-) or 0 (no association), ? = inconclusive 
 
 
As highlighted in Table 2.9, numerous demographic/biological, psychological, 
behavioural, social and environmental influences have been associated with physical 
activity participation among children and adolescents.  However, inconsistencies in 
associations are evident across the reviews and likely to relate to the year range 
included in the search strategy.  For example, gender (being male) has been 
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positively associated with physical activity participation among both children and 
adolescents in two earlier reviews.(193, 195)  However, the more recent review found 
insufficient evidence for an association between gender and physical activity among 
children and adolescents.(194) Another prominent influence on physical activity is 
increasing age, which has previously been negatively associated with physical 
activity participation among adolescents in two reviews,(195, 196) although equally, 
another two have  not observed this association.(193, 194)  Whilst differences in the 
conclusions of each review make it difficult to generate a clear understanding of the 
influence of age  upon physical activity participation, the results of the 2007 
ANCNPAS and the 2009-10 National Secondary Students’ Diet and Activity support 
a decline in  physical activity with increasing age among adolescents and boys being 
more physically active than girls.(4, 197)  In relation to psychological, behavioural and 
environmental correlates of physical activity, few reviews have observed similar 
associations, however, there appears to be a consistent positive relationship with 
intention to be physically activity among children(194, 195) and goal 
orientation/motivation, (193, 195)  previous physical activity, (194, 195)  family support(193, 
195)  and friend support(193, 195)   among adolescents.  
 
 
Whilst the above reviews highlight the complex array of influences on physical 
activity among youth, the CALD-specific influences on participation among Asian 
youth are not well understood.   In Australia, two studies have examined differences 
in perceived levels of social support between Vietnamese-Australian and Anglo-
Australian adolescents. (191, 192)  Interestingly, Vietnamese-Australian adolescent boys 
and girls perceived lower levels of paternal and maternal support compared to their 
Anglo-Australian counterparts.(191, 192) These findings were reflected in the regression 
analyses as fathers’ help and encouragement towards physical activity was positively 
associated with number MVPA blocks (equalling 30 mins.d-1) among Vietnamese- 
Australian boys and maternal co-participation was positively associated with 
Vietnamese-Australian girls participation (P<0.05), whereas these were not 
significant among their Anglo-Australian counterparts.(191, 192)  The differences 
between Vietnamese-Australian and Anglo-Australian adolescents in relationships 
with physical activity may relate to the higher emphasis on academic/education and 
occupational aspirations parents of Asian-Australian (Chinese and Vietnamese) 
children, which was also noted by the authors.(50, 51)   In addition, the traditional 
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patriarchal family structure of Vietnamese families, may have influenced the beliefs 
and practices of these adolescents.(198)  These two studies are among the only known 
investigations to have examined differences in perceived social influences on 
physical activity participation among Asian youth in Australia.  However, it is not 
known whether these associations are specific for Vietnamese-Australian youth or 
are generalizable to other Asian sub-populations in Australia. 
 
Internationally, there are again few studies that have examined differences in 
perceived influences on physical activity participation among Asian youth, outside of 
Asia.  Sallis, Zakarian, Hovell & Hofstetter (1996) examined perceptions of a broad 
range of psychological and social influences on physical activity a study among 1871 
diverse adolescents (11-19y) from San Diego Country, California (US).(199)  Self-
reported physical activity and perceived influences were contrasted among a diverse 
sample of Anglo-American (high and low SES), African American, Asian/Pacific 
Islander and Latino adolescents.  There were no significant differences in self-
reported frequency in vigorous physical activity per week between all CALD groups, 
however, Asian/Pacific Islander adolescents reported lower engagement in total 
sports teams, physical education (PE) classes per week and frequency of vigorous 
exercise in PE than high and low SES Anglo-America adolescents (not specifically 
examined for significance).(199)  Differences on several perceived influences may 
help explain this observation of lower engagement, however, the inclusion of Pacific 
Islander adolescents cannot be discounted.  In particular, Asian/Pacific Islander 
adolescents had lower mean scores on ‘perceived convenient facilities, levels of 
neighbourhood safety, self-efficacy and dislike of PE’.  Even though these variables 
have not been correlated with physical activity participation, they highlight 
differences in influences on participation among Asian youth and warrant further 
investigation. 
 
As stated above, the correlates of sedentary behaviour have also been reviewed using 
an ecological approach among children and adolescents,(147, 193, 194)  however, 
research in this area is still in its’ infancy.  The review by Pater, Mitchell, Byun and 
Dowda (2011) is arguably the most comprehensive review on sedentary behaviour 
among youth (2-18y) as it separates observed associations based on the type of 
behaviour being examined e.g. screen time, non-screen time and accelerometry.(147)  
The type of sedentary behaviour  is in an important consideration, as associations 
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have been shown to vary by type, which is similar to the associations observed with 
health (Section2.4.4).  In this review, a positive association with increasing age was 
observed with screen time and accelerometry measured sedentary behaviour, in 
addition to non-white ethnicity for screen-based sedentary behaviour.(147)   
Interestingly no study had examined the association between accelerometry derived 
sedentary time and race/ethnic groups.  The relationship between BMI and screen-
based, non-screen based and accelerometry measured sedentary time was 
inconsistent,(147) however, this is in contrast to the findings of other reviews of a 
positive relationship with sedentary time(27, 28) and TV/computer use.(148)  The 
examination of psychological, social and behavioural correlates of sedentary 
behaviour were hampered by the fact that these associations were often investigated 
in singular studies making definitive conclusions impossible, but at the same time 
highlighting the need for further investigation.(147)   However, the review found 
evidence for a negative relationship between household screen time rules and levels 
of screen-based behaviours, in addition to a positive relationship between parent’s 
screen-time and youths’ screen time.  This review has highlighted the differences in 
relationships with sedentary behaviour according to type and the need for further 
investigation into associations among youth.  However, it is not known whether these 
associations are evident for Asian CALD youth.  In Australia and internationally, no 
known study has investigated the correlates of sedentary behaviour among Asian 
youth, and these investigations are urgently needed.  
 
Importantly, a limitation of any study examining correlates of physical activity with 
self-report instruments among CALD populations is the consideration of the 
reliability and validity properties of the instrument.  In theory, CALD differences in 
participation and correlates may relate to the ability of the instrument to accurately 
capture the activities conducted as well as differences in the interpretation of 
physical activity constructs.(200)  This point was highlighted in the questionnaire 
validation study by Dishman et al., (2006) of the Physical Self-Descritption 
Questionnaire (PSDQ) among a sample of African American and Caucasian 
adolescents (17.7 ± 0.61y) in South Carolina. (201)  The study found  all 11 sub-scales 
of the PSDQ has acceptable internal consistency(α ≥ 0.65,(202) however, the 
reliability coefficients were slightly higher for Caucasian (α = 0.91) than African 
American girls (α = 0.84). (201)  In addition, differences in validity were observed for 
several sub-scales.  For example, higher correlations were observed among the 
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3DPAR and self-esteem among Caucasian (r = 0.14) compared to African American 
girls (r = 0.03) and sports competence among Caucasian (r = 0.33) compared to 
African American girls (r = 0.24), highlighting the need for self-report instruments to 
be reliability and validity tested among the specific CALD population prior to 
implementation.  This limitation may have been present in the studies by Wilson and 
Dollman,(191, 192) whereby the reliability properties of the social correlates of physical 
activity questionnaire  were examined in a mixed sample of 15 Vietnamese-
Australian and Anglo-Australian adolescent boys (not girls) and were summed 
together.(191)  The reliability of the following constructs were classified as fair to 
moderate (Kappa 0.21 to 0.60): ‘father encourages, father helps, mother helps, 
mother plays with you and mother encourages’.  It is possible that CALD differences 
in the interpretation of social items may have influenced the observed correlations 
with physical activity participation.  Therefore ensuring the physical activity or 
sedentary behaviour instrument is reliable and valid prior to implementation will 
increase the fidelity of any cross-cultural examination. 
 
2.4.10 Summary 
This section has highlighted that there are numerous health benefits for regular 
physical activity participation among children and adolescents and reducing 
sedentary behaviour is likely to result in health gains.  The literature review has 
highlighted that youth from an Asian background typically engage in less physical 
activity than their non-CALD peers in addition to spending more time in sedentary 
behaviour both in Australia and internationally.   Estimates from the NSW SPANS 
studies also provide further insight into these discrepancies which are particularly 
evident among girls and among adolescents in Year 8 onwards for both physical 
activity and sedentary behaviour.  However, it is not known if these differences exist 
among Chinese-Australian youths.  Previous findings among Vietnamese-Australian 
adolescents also highlighted lower levels of maternal and paternal support for 
physical activity which also resulted in specific relationships with physical activity 
participation.  However, a limitation of these findings is the poor reliability of these 
constructs among Vietnamese-Australian adolescents, which may have influenced 
the results.  Therefore, there is a need to examine the influences on physical activity 
and sedentary behaviour participation among Chinese-Australian youth using a valid 
and reliable instrument. 
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2.5 Conclusion 
The literature review has highlighted the alarming prevalence of overweight and 
obesity, physical inactivity and sedentary behaviour among children and adolescents 
in Australia.  The Chinese-Australian community is an important and growing 
community in Australia and Asian youth have known added risks for increased fat 
mass and abdominal obesity.   However, there are currently no estimates for 
overweight, obesity or abdominal obesity among Chinese-Australian children or 
adolescents.  In addition, the application of current international criteria to define 
overweight and obesity among Chinese-Australian children may underestimate true 
prevalence and disease risk.  Therefore, there is a need to investigate the current 
prevalence rates of overweight, obesity and abdominal obesity among Chinese-
Australian youth specifically, and the application of differing growth references. 
 
The findings from Australian and international literature indicate that youth from an 
Asian background, typically engage in more sedentary behaviour and less physical 
activity compared to their non-CALD counterparts.  In addition, the findings from 
the NSW SPANS studies indicate that this is more apparent among Asian 
adolescents in Year 8 onwards in Australia.  The adolescent period is associated with 
greater independence and may be an important period for establishing health 
enhancing behaviours. It appears the adolescent period is an important age range for 
physical activity and sedentary behaviour engagement among Asian youth, however, 
it is not known if this is also evident for Chinese-Australian adolescents. 
 
A wide variety of biological/demographic, behavioural, psychological, social and 
environmental influences have been examined for their associations with physical 
activity and sedentary behaviour among youth.  However, a paucity of studies have 
investigated these influences among Asian youth outside of Asia.  Since participation 
in physical activity was shown to be lower among Asian youth and sedentary 
behaviour higher, compared to their predominantly European counterparts, an 
understanding of the influences on participation is urgently needed.  In particular, an 
understanding of the modifiable psychological and social influences is needed to help 
inform potential future interventions.  Therefore, there is a need to examine if 
differences in the perceived modifiable psychological and social influences exist 
among Chinese-Australian adolescents using a valid and reliable instrument.   
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With the above identified gaps in the literature, this thesis aimed to examine 
correlates of physical activity and obesity among Chinese-Australian adolescents 
aged 12-16 years.  The specific aims of this thesis are outlined following. 
 
2.6 Aims 
1. To examine the reliability and validity of a self-report physical activity and 
sedentary behaviour participation questionnaire among Chinese-Australian 
youth aged 11-14 years; 
2. To examine the reliability and validity of an instrument examining perceived  
psychological and social and correlates of physical activity among Chinese-
Australian youth aged 11-14 years; 
3. To examine the prevalence of overweight, obesity  and abdominal obesity 
among a sample of Chinese-Australian and Anglo-Australian adolescents 
aged 12-16 years; 
4. To examine the demographic correlates of overweight, obesity and abdominal 
obesity among a sample of Chinese-Australian and Anglo-Australian 
adolescents aged 12-16 years; 
5. To investigate the patterns of MVPA  and sedentary behaviour among a 
sample of Chinese-Australian and Anglo-Australian adolescents aged 12-16 
years; 
6. To investigate the correlates of physical activity and sedentary behaviour 
participation among a sample of Chinese-Australian and Anglo-Australian 
adolescents aged 12-16 years; 
7. To compare the prevalence of overweight, obesity, abdominal obesity and 
physical activity and sedentary behaviour between Chinese-Australian and 
Anglo-Australian adolescents aged 12-16 years; and 
8. To examine the independent relationship between sedentary behaviour, 
physical activity and measures of adiposity (BMI and waist circumference) 
among Chinese-Australian and Anglo-Australian adolescents aged 12-16 
years. 
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2.7 Hypotheses 
It is hypothesised that:  
1) A higher proportion of Chinese-Australian adolescents will be classified 
as overweight or obese using the Chinese BMI growth reference 
compared to current international growth references; 
2) A higher proportion of Chinese-Australian adolescents will be classified 
as abdominally obese compared to Anglo-Australian adolescents;  
3) A higher proportion of Chinese-Australian adolescents will not meet the 
national physical activity guidelines compared to Anglo-Australian 
adolescents; 
4) Daily MVPA participation among Chinese-Australian adolescents will be 
lower than Anglo-Australian adolescents; 
5) Daily sedentary behaviour participation among Chinese-Australian 
adolescents will be higher than Anglo-Australian adolescents;  
6) There will be inverse associations between physical activity and weight 
status and positive associations between sedentary time and weight status 
among Chinese-Australian and Anglo-Australian adolescents; and 
7) Perceived psychological and social influences on physical activity and 
sedentary behaviour will be different among Chinese-Australian 
adolescents compared to Anglo-Australian adolescents. 
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Chapter 3.  Reliability and validity of a physical 
activity and sedentary behaviour questionnaire 
among Chinese-Australian youth 
3.1 Introduction 
As outlined in Chapter 2, several subjective and objective techniques have been used 
to examine physical activity and sedentary behaviour of children and adolescents.(161, 
203)  Without the existence of a ‘gold standard’ physical activity or sedentary 
behaviour measure, the selection of one instrument over another involves a raft of 
decisions in reference to the key attributes of the instrument.  Considerations of the 
study design (intended population, sample size, respondent burden, delivery mode, 
time frame, data output, data management, reliability and validity properties, 
measurement bias and cost of administration) all influence instrument selection.(129)  
Of particular importance are the psychometric (reliability and validity) properties of 
each instrument.   
 
Despite self-report questionnaires being prone to misinterpretation, socially desirable 
responses and overestimation of physical activity in adolescents,(204) they  are 
commonly used at the population level because they are relatively inexpensive and 
easy to use(205) and have been associated with health outcomes among youths.(22)  
Questionnaires can also capture additional information which objective measures 
cannot, such as type and domains of physical activity and sedentary behaviour.  
Whilst a plethora of physical activity questionnaires exist and a smaller number of 
sedentary behaviour questionnaires exist for children and adolescents, few have been 
validated among Asian youth, who are known to have differing physical activity and 
sedentary behaviours (Chapter 2.4).(29, 30, 32-34, 36-39)   Therefore, there is a need for 
questionnaires to be reliability and validity tested among CALD populations to 
ensure that these instrument are both culturally relevant and sensitive.   
 
The preliminary section of this chapter provides an overview of the concepts of 
reliability and validity as well as a summary of self-report questionnaires that have 
been reliability and/or validity tested among Asian children or adolescents.  The later 
section of this chapter presents the findings of two studies which examined the 
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reliability and validity of a physical activity and sedentary behaviour questionnaire 
among Chinese-Australian youth.  
 
3.1.1 Validity and reliability 
Definition and types of validity 
Traditionally, validity refers to the degree to which an instrument or test accurately 
measures what it is intended to measure and is placed at the instrument level.(206)  
Validity is considered the most important characteristic of an instrument(207)  and 
there are three main types of validity that are commonly used to validate objective 
and subjective measures of physical activity(206) and sedentary behaviour.  These 
include:  
x Logical or face validity, which examines the extent to which an 
instrument logically examines the concepts of interest; 
x Construct validity, which examines the degree to which an instrument 
measures a hypothetical construct or hypothesis; and 
x Criterion validity, which is further split into concurrent validity 
(degree to which an instrument correlates to a criterion/independent 
standard over the same time frame) and predictive validity (the degree 
to which future criterion tests are correlated to the predicted scores). 
 
The most common forms of validity in the field of exercise science are criterion and 
construct validity, since logical or face validity is not commonly examined due to its 
interpretive nature.   
 
Measuring validity 
Criterion and construct validity are generally examined by determining the 
correlation, usually Pearson product-moment correlation (r) or Spearman Rho/ Rank 
correlation coefficient (ρ), between a test score and that of a criterion or construct 
measure.  The selection of a contrasting measure varies greatly and a correlation 
≥0.30 has been considered evidence of acceptable validity  in previous physical 
activity validations.(208)  Since the correlation is only a measure of the strength of a 
relationship between two variables, not the agreement, the Bland-Altman method is 
also commonly used to examine validity.(209)  The Bland-Altman method examines 
the limits of agreement between two measures by generating Bland-Altman plots of 
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the difference between the two methods against their mean.(209)  To examine validity 
the mean error score and the 95% confidence interval are presented and 
interpretations of the limits of agreement are made based on the primary purpose of 
the validation study.   
The typical criterion or construct measure for validating a physical activity or 
sedentary behaviour instrument depends on the outcome variable of interest.  For 
example, the DLW technique is considered the ‘gold standard’ for the validation of 
instruments estimating energy expenditure (kcal or kJ/day) or physical activity 
energy expenditure, however, it cannot provide information on frequency, intensity, 
type or duration of physical activity.(171)  Thus, the identification of the outcome of 
interest influences the selection of criterion or construct measure.  Typically, 
accelerometry, pedometry and heart rate monitoring have been used as criterion 
measures for the validation of self-report instruments in physical activity 
research.(159)  Direct observation or accelerometry has been typically used to examine 
criterion validity of self-report sedentary behaviour measures among youth.(161) 
 
Definition and classes of reliability 
The second most important characteristic of an instrument is reliability, which refers 
to the repeatability or consistency of a measure.(207)  Instruments that measure 
behaviour require low variability and measurement error over a short period of time 
to ensure that the results are accurate.(207)  Importantly, reliability is a necessary 
component of validity as an instrument cannot be valid, without also being reliable; 
however, it is possible for an instrument to be reliable without being valid.(210)   In 
addition, an instrument used among different populations or settings can have wide 
variation in reliability,(207) thus supporting the need for studies investigating the 
psychometric properties of instruments among specific populations. 
 
The reliability of an instrument can be examined through various means 
including:(210) 
x Temporal stability or test-retest reliability which refers to the  
extent to which the instrument produces a similar result when 
administered a second time; 
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x The internal consistency of an instrument, which examines the 
extent to which a multi item scale measures the same underlying 
construct; 
x Contrasting to a parallel form of an instrument and examining the 
extent to which different versions of the ‘same’ instrument 
produce similar results; 
x Inter-rater agreement which refers to the extent a different 
observer or rater scores similarly to another;  and  
x Generalizability theory which refers to the extent to which the 
degree of error in an instrument is the resultant of an influencing 
facet (similar to factors).  These facets can vary from a singular 
facet to a combination or interaction of facets and include factors 
such as the included person(s), raters, items within an instrument, 
measurement location and day etc. 
 
Typically the degree of reliability of an instrument is expressed through a reliability 
coefficient which ranges from 0 to 1.00.  A value of 0 indicates no correlation 
between measures and signifies the results are all random and involves a high degree 
of systematic error, whereas values closer to 1.00 indicate a high correlation between 
measures and a reduced influence of measurement error (both systematic and 
random).(206, 210) The most common forms of reliability applied in the examination of 
self-report questionnaires are test-retest reliability and internal consistency, which 
are discussed in further detail below.  
 
Measuring reliability   
Investigations into the test-retest reliability of an instrument involve administering 
the same instrument on a minimum of two occasions to the same individuals (or 
under identical  conditions e.g. laboratory) and examining the stability or reliability 
of the achieved scores.(207)   To analyse the reliability of the instrument, the intra-
class correlation (ICC) is used for parametric (interval and ratio) variables.  
Acceptable test-retest reliability of an instrument is considered when an ICC ≥ 
0.70.(211)  For non-parametric variables (nominal and ordinal) variables, the Cohen’s 
Kappa statistics (κ) is used with poor agreement equalling 0, slight agreement 
between 0.01-0.20, fair agreement between 0.21-0.40, moderate agreement between 
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0.41-0.60, substantial agreement between 0.61-0.80 and almost perfect agreement 
between 0.81-1.00.(212)   
 
Investigations into the internal consistency of an instrument typically require a single 
administration.  The internal consistency (degree of homogeneity) within the 
instrument is examined using the Cronbach alpha (α) or by conducting an 
exploratory factor analysis with the possible extension to a confirmatory factor 
analysis.  The Cronbach alpha value measures the relatedness of items to a single 
construct or factor level, whereas a factor analysis measures the relatedness of items 
to multiple constructs or factors.  An alpha of α ≥ 0.60 is considered evidence of 
acceptable internal consistency.(202)  An exploratory or confirmatory factor analysis 
reduces the number of items within an instrument into related factors (if any) by 
examining the inter-relationship among items.   
 
3.1.2 Validity and reliability of existing self-report physical activity 
questionnaires  
A wide variety of self-report physical activity questionnaires have been used in 
research among children and adolescents; all of which capture varying dimensions 
and have ranging psychometric properties.  A recent review of self-report and proxy 
reported physical activity questionnaires among youth (≤ 18 years of age) was 
conducted by Chinapaw, Mokkink, van Poppel, van Mechelen & Terwee (2010).(178)  
The review examined the reliability and validity properties of 61 different 
questionnaires using a standardised checklist.(213) Of all the included questionnaires 
for review, not a singular questionnaire had both acceptable reliability and validity.  
The test-retest reliability coefficients ranged from 0.02 to 0.96 and validity 
correlations with accelerometers ranged from ‘very poor’ to 0.77, highlighting the 
need for caution when interpreting data from self-report questionnaires.(178)  In 
addition, the review demonstrated the need for further, high quality studies to 
investigate the psychometric properties of physical activity questionnaires among 
youth.  Table 3.1 provides an overview of common Australian physical activity 
questionnaires that have been validated among children and adolescents.  In contrast, 
Table 3.2. provides an overview of all known international physical activity 
questionnaires that have been validated among Asian children and adolescents and 
published in English.  All questionnaires are recall surveys/ questionnaires as 
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opposed to global self-reports, as they capture additional information such as 
frequency, duration or type of activity over the period of recall (e.g. 24-hours, 7-
days, 1-month).(165)  Global self-reports are typically very short (1 to 4 item) 
questionnaires that capture habitual or usual physical activity participation over a 
long period of time (e.g. 1 year) and usually in a specific domain (e.g. occupational 
or leisure-time).(165) The capturing of several dimensions through recall 
surveys/questionnaires was considered an important component for any potential 
questionnaire that might be employed in this thesis.  
 
Table 3.1  Psychometric properties of Australian self-reported physical activity participation instruments among youth 
First Author
(Year) 
Questionnaire Dimension(s) 
captured 
Population Reliability and or validity Results 
Telford, 
Salmon, 
Jolley & 
Crawford 
(2004)(214) 
The Children’s 
Leisure Activities 
Study Survey 
(CLASS)  
Self-reported 
frequency, 
duration and 
type of PA 
* Typical 
week, not in 
the holidays 
In the older-
children 
validation: 
111students 
aged 10-12y 
(10.6 ± 0.8y) 
from 
Melbourne, 
Australia 
7-day test-retest reliability, criterion 
validity with MTI accelerometry 
data for mins.wk-1 spent in MVPA. 
Test-retest reliability for frequency (ICC = 
0.36) and duration (ICC = 0.24) of MVPA 
was low and below the accepted level (ICC ≥ 
0.70).  Criterion validity of the CLASS 
questionnaire with accelerometry measured 
PA was not significant (NS) for children (10-
12y). Correlations were low and NS for MPA 
(r = 0.02, NS), VPA (r = -0.04, NS) and total 
PA (r = -0.04, NS).  
Booth, 
Okely, 
Chey & 
Bauman 
(2002)(215) 
The Adolescent 
Physical Activity 
Recall 
Questionnaire 
(APARQ) 
Type, 
frequency 
and duration 
of PA 
 
*Organized 
sports, games  
and PA and 
unorganized 
PA normal 
week during 
summer and 
winter (not in 
school 
holidays) 
Two separate 
studies. 
Study 1: 226 
13-15y 
students in 
Sydney, 
Australia.  
Study 2: 2026 
students13-
15y across 
New South 
Wales 
(NSW), 
Australia. 
Study 1: Test-retest reliability of 
the APARQ using a two-week 
retest period.  Per cent agreement 
for categorising students as 1) 
vigorously active; 2) adequately 
active and 3) inactive.  
 
Study 2: Construct validity of 
energy expenditure derived from 
the APARQ summer participation 
was contrasted with aerobic fitness 
results from the multi-stage fitness 
test (MFT). 
Study 1: Per cent agreement for categorising 
students as vigorously active, adequately 
active and inactive ranged from 67-80% (k = 
0.33-0.71) for summer activities and 73-85% 
(k = 0.39-0.71) including organized and 
unorganized PA.  The ICC’s for total energy 
expenditure were acceptable for adolescents 
in Grade10 but not for Grade 8 adolescents in 
summer, and were only acceptable for Grade 
10 girls in winter. 
Study 2:  Correlations between total EE from 
the APARQ and the MFT were significant for 
grade 8 boys and girls r = 0.15 and r = 0.21, 
p<0.05.  In addition to grade 10 boys and girls 
(r = 0.14, p<0.05) and (r = 0.39, p<0.05).  
Table 3.1 Continued. 
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First Author
(Year)  
Questionnaire Dimension(s) 
captured 
Population Reliability and or validity Results 
Ridley, 
Olds & Hill 
(2006)(216)   
The Multimedia 
Activity Recall 
for Children and 
Adolescents 
(MARCA)  
Frequency, 
duration, type 
of PA  
* Use of time 
questionnaire 
for every 5 
minutes over 
the previous 
24-hours 
Study 1: 32 
children aged 
9-13.5y (11.8 
± 0.7y) in 
South 
Australia 
(SA) 
 
Study 2: 66 
children aged 
9-13.5y (11.6 
± 0.8y)  in SA 
 
Study 1: Test-retest reliability was 
examined using a same-day retest 
period, several hours later.  
 
Study 2:  Criterion validity was 
examined using ActiGraph 
accelerometers and mins.day-1 
spent in MVPA, PAEE and time 
spent in locomotion mins.day-1. 
 
Study 1:  Test-retest reliability was acceptable 
for PAEE, MVPA mins.day-1 and locomotion 
mins.day-1 (all ICC ≥ 0.70). 
 
Study 2:  All accelerometry derived outcome 
variables, PAEE (ρ =0.45), MVPA mins.day-1 
(ρ = 0.35) and locomotion mins.day-1 (ρ = 
0.37) were significantly correlated with the 
MARCA outcome variables.  
 
 
Trost, 
Marshall, 
Miller, 
Hurley & 
Hunt 
(2007)(217)   
The Previous 
Day Physical 
Activity Recall -
24 (PDPAR-24) 
Frequency, 
duration, 
intensity and 
type of PA 
*30-min use 
of time recall 
over a 24-
hour period 
136 
adolescents  
in grade 8 to 
10 (13.9 ± 
1.2y) of ATSI 
and non-
indigenous 
background 
Construct validity was investigated 
by correlating mean METs.day-1 
from the PDPAR-24 with 
pedometer (Yamax) steps.day-1. 
Correlations between pedometer step.day-1 
and mean METs were significant for ATSI (r 
= 0.34) and non-indigenous (r = 0.32) 
adolescents.  
 
 
 
 
 
93 
Table 3.2 Psychometric properties of international self-reported physical activity participation instruments among Asian youth 
First Author
(Year) 
Questionnaire Dimension(s) 
captured 
Population Reliability and or validity Results 
Macfarlane, 
Lee, Chan 
& Chan 
(2007)(218) 
International 
Physical Activity 
Questionnaire – 
Chinese Version 
Short (IPAQ-C) 
Frequency, 
intensity  and 
duration of 
PA 
* During the 
last 7-days 
49 Chinese 
speaking 
adults (15-
55y) in Hong 
Kong  
Test-retest reliability for duration 
spent in PA (day 8 and 11). 
 
Validity correlations between MTI 
accelerometer measured PA, a 
physical activity log (PA-log) and 
the IPAQ questionnaire. 
Test-retest reliability of the questionnaire was 
acceptable (ICC ≥ 0.70) for sitting, walking, 
moderate physical activity (including 
walking) and vigorous activity but was not 
stable for moderate physical activity 
(excluding walking).    
 
Poor  percent agreement  was observed 
between the IPAQ and mins week -1 spent in 
light (178%), moderate  excluding walking 
(210%) and vigorous activity (495%).(218)  
Spearman correlations between total PA and 
the PA-log were significant (ρ = 0.29) but not 
for accelerometry (ρ = 0.09).  
Huang, 
Wong & 
Salmon 
(2009)(219) 
The Children’s 
Leisure Activities 
Study Survey- 
Chinese Version 
(CLASS-C) 
Frequency, 
type and 
duration of 
PA 
* During the 
last 7-days 
220 children 
aged 9-12y 
(10.9 ± 0.9y) 
from Hong 
Kong. 
Test-retest reliability using a seven-
day retest period and criterion 
validity with ActiGraph 
accelerometer for mins spent in 
weekday, weekend and weekly 
(mins.wk-1) MVPA.  Bland-Altman 
plots were also used to examine the 
agreement between CLASS-C 
MVPA duration and accelerometry 
measured MVPA. 
Test-retest reliability for mins.wk-1 spent in 
weekly MVPA was acceptable for all 
participants (ICC= 0.71).    
 
Criterion validity of mins.wk-1 spent in 
MVPA was significant for girls (r = 0.48), but 
not for boys (r = 0.27).  MVPA derived from 
the CLASS-C questionnaire typically 
underestimated PA (-6.2min-wk-1) with the 
limits of agreement being -101.5 min.wk-1 
and 89.1 min. wk-1.  
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Table 3.2 Continued 
First Author
(Year) 
Questionnaire Dimension(s) 
captured 
Population Reliability and or validity Results 
Liu, 
2010(220) 
The Health 
Behaviour in 
School-aged 
Children (HBSC) 
questionnaire 
Frequency & 
duration of 
PA  
* During the 
last 7-days 
*On a typical 
or usual week 
95 male and 
female 
adolescents 
(11-15y) 
Beijing, 
China 
Test-retest reliability using a three-
week retest period of MVPA > 60 
mins.d-1 in the last 7-days or on a 
typical/usual week. 
Frequency of MVPA >60 mins.d-1 in the last 
7-days (ICC = 0.82) and in a typical/usual 
week (ICC = 0.74) was acceptable for all 
participants.  In addition, both items had 
acceptable test-retest reliability for boys and 
girls and younger (11y) and older (15y) 
adolescents.   
Lee, 
2005(221) 
3-Day Physical 
Activity Recall 
(3DPAR) 
Frequency, 
duration, type 
of PA  
*  Past 3-days 
221 
adolescents 
(13-16y) from 
Singapore 
Predominant activity in each 30-
minute block is recorded for the 
previous 72 hours.  Construct 
validity with 3-days of pedometry 
was examined for average METs, 
VPA blocks and MVPA blocks.  
The test-retest reliability of average 
METs across the 3-days was 
examined using a 6-8 hours retest 
protocol on the same day. 
Spearman correlations were significant for 
mean METs ( r = 0.40, p<0.001), VPA blocks 
(r = 0.34, p<0.001) and MVPA blocks (r = 
0.32, p<0.001) for averaged daily 
participation across the 3-days. 
 
Test-retest reliability for averaged 
participation was acceptable for METs (ICC = 
0.88).  This was not examined for MVPA or 
VPA blocks. 
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Table 3.2 Continued 
First Author
(Year) 
Questionnaire Dimension(s) 
captured 
Population Reliability and or validity Results 
Hong, 
2012(222) 
Vietnamese 
Adolescents 
Physical Activity 
Recall 
Questionnaire 
(V-APARQ) 
Type, 
frequency 
and duration 
of PA 
*Organized 
sports, games  
and PA and 
unorganized 
PA in a 
normal week 
in school 
term and 
summer 
holidays 
165 
adolescents 
(12.7 ± 0.6y) 
from Ho Chi 
Minh City, 
Vietnam 
Test-retest reliability using a two-
week retest period and construct 
validity with ActiGraph 
accelerometers for mins.d-1 spent in 
MVPA, MPA and VPA.  
 
Construct validity correlations were 
significant for duration (mins.d-1) spent in 
MVPA (0.25, P<0.05), MPA (0.19, P<0.05) 
and VPA (0.50, P<0.05) for all participants at 
the first questionnaire administration. Only 
minor differences in correlations were 
observed for the second questionnaire 
administration. 
 
Test-retest reliability of the questionnaire was 
not acceptable for MPA (ICC = 0.37), VPA 
(ICC = 0.62) and MVPA (ICC = 0.57) for all 
participants. 
 
In summary, Table 3.1 and 3.2 highlight a wide variation in reliability and validity 
properties of existing self-report questionnaires among children and adolescents.   
Importantly, the validity and reliability properties of instruments was shown to vary 
among different populations as seen with the CLASS(214), CLASS-C(219), APARQ(215) 
and V-APARQ(201) validation studies. However, hampering direct comparisons of 
these studies is the use of differing populations, settings, statistical analyses and 
methodologies, including a change in recall period from ‘usual week’ in CLASS to 
‘last 7-days’ in CLASS-C and the change of comparison measure from the multi-
stage fitness test in the APARQ to accelerometry with the V-APARQ.   
 
The CLASS-C and CLASS validation studies produced varied reliability and validity 
results, with the questionnaire being reliable and valid for duration spent in MVPA 
among Hong Kong Chinese children (9-12y),(219) but not among Australian children 
(10-12y).(214)  However, the use of differing populations and different recall periods 
is likely to have greatly influenced the results.  In addition, the V-APARQ was 
shown to have moderate validity correlations with MVPA among Vietnamese 
adolescents but the questionnaire was not reliable.(201)   Among Australian 
adolescents, the APARQ also provided moderate validity correlations with total 
energy expenditure, but was only reliable among older adolescents in grade 10.(215) 
Again, large study differences in the comparison measure employed (accelerometry 
vs. multistage fitness test) and outcome variable of interest (MVPA duration vs. total 
energy expenditure) hamper direct comparisons.  In general, the above findings 
support the need for physical activity recall questionnaires to be psychometrically 
tested among specific populations prior to wider implementation. 
 
3.1.3 Validity and reliability of existing self-report sedentary behaviour 
questionnaires 
Compared to physical activity participation questionnaires, a relatively smaller 
number of sedentary behaviour participation questionnaires have been 
psychometrically tested among children and adolescents.  As presented in Chapter 2 
(Table 2.4), Lubans et al., 2011 recently reviewed all psychometrically tested 
sedentary behaviour recall questionnaires among children and adolescents.(161)  In the 
review, a total of 13 questionnaires had been reliability tested, with seven 
questionnaires having acceptable test-retest reliability (ICC or kappa ≥ 0.70 or 
97 
 
Spearman’s Rank ≥ 0.80).  Validity was examined to a lesser extent with three 
studies examining criterion validity and five studies examining construct validity.  Of 
the reviewed criterion studies, only one was among school-aged children or 
adolescents, The Adolescent Sedentary Activity Questionnaire (ASAQ).(190)  In the 
ASAQ validation study among 172 adolescent girls (12-15y) in Australia, time spent 
in sedentary behaviour from the ASAQ was compared to accelerometry data, with 
sedentary behaviour being typically underreported (-3.2hrs.wk-1) with the limits of 
agreement ranging from -26.5 to 20.1 hrs.wk-1.(190)  Whilst it was not a focus of the 
review, none of the included questionnaires for review were among CALD 
populations. However, four sedentary behaviour questionnaires have been 
psychometrically tested among Chinese populations in China (including Hong Kong 
and Taiwan).(219, 220, 223, 224)  
 
The Health Behaviour in School-aged Children (HBSC) questionnaire validated 
above also included test-retest reliability of TV watching and homework duration on 
school days and weekends; each having acceptable reliability ICC ≥ 0.70, with 
computer use or electronic gaming duration having ICC’s ranging from 0.33 to 0.69 
(ordinal response duration categories).(220)   The CLASS-C questionnaire was also 
validated and reliability tested among Hong Kong youth, with test-retest reliability 
ICC’s for duration spent in sedentary behaviour equalling 0.69, and criterion 
correlations with accelerometry only significant for weekly sedentary time (mins.wk-
1) among girls (r = 0.25).(219)  The Sedentary Behaviour and Sleep Scale (SBSS) was 
reliability and validity tested among 66 Hong Kong Chinese children aged 6-8 years 
with accelerometry.(224)  Test-retest reliability for the proxy-report SBSS 
questionnaire was higher for weekday sedentary time (ICC = 0.72) compared to 
weekend sedentary time (ICC = 0.61).  Validity of SBSS questionnaire in examining 
sedentary time was contrasted with accelerometry using Bland Altman plots with the 
proxy-reported sedentary time  underestimating weekday (mean 79; 95% limits of 
agreement: -143.6; 303.3 mins.d-1) and weekend sedentary time (mean 400; 95% 
limits of agreement: -120.2; 920.8 mins.d-1). (224) Finally, the psychometric testing of 
the Taiwanese version of the IPAQ among Taiwanese junior middle school students 
is not well reported in the literature.(223)  However, the brief results indicated the 
questionnaire had reliability coefficients of ICC > 0.90 and validity correlations with 
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accelerometry of r = 0.53, without any explanation of the methods or techniques used 
to reach these conclusions.(223) 
 
In conclusion, there is currently a lack of studies that have investigated the reliability 
and validity properties of self-report physical activity and sedentary behaviour 
questionnaires among Asian youth.  In addition, no known questionnaire has been 
validated among Asian youth in Australia.  These studies are needed, since Asian 
youth have consistently been shown to engage in lower amounts of physical activity 
than their non-CALD peers (predominantly of European background). (29, 30, 32-34, 36-39)   
In theory, these observed differences may relate to the ability of the instrument to 
accurately capture the CALD-specific activities conducted as well as differences in 
the interpretation of physical activity constructs.(200, 225)  Therefore, in order to 
examine physical activity and sedentary behaviours among specific CALD groups, 
accurate and reliable measures are firstly needed.  Thus, the aim of this chapter was 
to assess the reliability and construct validity of a self-report physical activity and 
sedentary behaviour questionnaire among Chinese-Australian youth (11-14y).  
Admittedly, a younger population of Chinese-Australian youth were involved in this 
study and relates to the limited classroom access to classes during data collection and 
is discussed further in the following chapter. 
 
3.2 Aims 
1) To examine the test-retest reliability of a self-report physical activity and 
sedentary behaviour participation questionnaire among Chinese-
Australian youth (11-14y); and 
2) To examine the construct validity of a self-report physical activity and 
sedentary behaviour participation questionnaire among Chinese-
Australian youth (11-14y). 
 
3.3 Methods 
3.3.1 Instrument selection 
As previously discussed, a series of considerations need to be made before an 
instrument can be selected for implementation in the field. After examining the 
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available self-report physical activity and sedentary behaviour questionnaires and 
consulting with experts in the field (Professor Adrian Bauman, Associate Professor 
Trevor Shilton and Professor Wendy Brown) (26th July, 2008); the Western 
Australian (WA) Child and Adolescent Physical Activity and Nutrition Survey 
(CAPANS) for Years 8, 10 and 11 students was selected as the self-report 
questionnaire to be used.(226)  This was primarily based on the fact that the CAPANS 
questionnaire collected information on physical activity type, duration, frequency 
and correlates as well as type and duration of sedentary behaviour.  In addition, the 
questionnaire was developed using items from several existing questionnaires 
including the CLASS Survey,(214) the Physical Activity Questionnaire for 
Adolescents,(227) Physical Activity Questionnaire for Older Children (PAQ-C),(228) 
the APARQ,(229) the 1985 Australian Health and Fitness Survey (AHFS)(230) and the 
Self-Administered Activity Checklist.(231)  It was also discussed that by using the 
CAPANS questionnaire the results may be compared to a large WA state-wide 
surveillance survey among children and adolescents.(226)  The CAPANS 
questionnaire had also been examined for its’ reliability properties among children in 
grade 3 (approximately aged 7-9y) in Western Australia.  However, this information 
was not included in Table 3.1 since the reported results of 7-day test-retest reliability 
are extraordinarily vague and simply state “The kappa coefficient ranged from 0.098 
(low agreement) to 0.827 (high agreement)”.(226)  Evidently, no detail was available 
as to which items this information pertained to and an consequence an application to 
the WA Physical Activity Task Force (PATF) was made to obtain additional 
information or the data to analyse separately (September, 2009).  However, this was 
not possible as it was disclosed that the database containing the reliability results had 
become corrupted and could not be repaired, thus ending the possibility for 
comparison of further examination.  
 
In selecting the CAPANS instrument the MARCA instrument was also discussed as  
a possible contender as it was used in the 2007 ANCAPS.(232)  However, the 
MARCA instrument was not selected, despite its high reliability and validity 
properties, due to the fact that it is a 24-hour use-of-time recall questionnaire and 
would require multiple administrations to investigate habitual physical activity.  In 
addition, the MARCA instrument requires administration through the use of 
computers and it was known that access to computer laboratories at schools on a 
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weekend would not be possible and that the renting of laptops to bring to schools on 
a weekend would a) be expensive and b) highly laborious and fraught with the 
possibility of IT failure.  The CLASS instrument was also discussed, but not selected 
as at the time as it had demonstrated poor test-retest reliability and validity among 
Australian children(214) and at the time the Hong Kong CLASS-C validation was not 
published and therefore unknown to the candidate.  Thus, the advantages of the 
CAPANS questionnaire with a state-wide surveillance survey to compare results, 
traditional pen and paper approach and examination of sedentary behaviours resulted 
in its’ utilization. 
 
The original CAPANS questionnaire requires participants to indicate the type and 
duration of participation among a checklist of commonly performed physical 
activities and sedentary behaviours (Mon-Fri & Sat-Sun) and to indicate their 
opinions towards statements that encourage or inhibit physical activity 
participation.(226) For the purposes of this thesis the questionnaire was separated into 
two distinct questionnaires, the CAPANS-PA and the CAPANS-BA (Barriers to 
Activity) questionnaire.  The CAPANS-PA questionnaire was used to investigate 
type, frequency and duration of physical activity participation as well as type and 
duration of sedentary behaviour.  Whereas the CAPANS-BA questionnaire was used 
to investigate respondents’ opinions towards 37 statements that encourage or inhibit 
physical activity participation which were psychometrically tested in Chapter 4. 
 
3.3.2 Overview of methods 
In order to examine the test-retest reliability and construct validity of the CAPANS-
PA questionnaire, two separate studies were conducted.  Study 1 examined the test-
retest reliability of the CAPANS-PA questionnaire, whereas Study 2 examined 
construct validity. A singular study examining both test-retest reliability and 
construct validity was not possible due to limitations in the availability of 
accelerometers at the time of the study. Therefore, two separate study samples were 
used to investigate the psychometric properties of the CAPANS-PA among Chinese-
Australian youth and are outlined below. 
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3.3.3 Methods for Study 1. Test-retest reliability of the CAPANS-PA 
questionnaire 
Sample and recruitment for Study 1 
A convenience sample of three Chinese-weekend cultural schools (also known as 
Chinese language schools) from eastern metropolitan Melbourne were invited to 
participate in this study.  An introductory letter and information pack was sent to the 
Principal of each school outlining the intended study and inviting the school to 
participate.  Follow up phone conversations and/or interviews with the Principal 
from each school were conducted after these introductory letters were received by 
the candidate.  Using this procedure, one school declined and two schools agreed to 
participate.  These two schools were located across three separate school campuses in 
eastern Melbourne.  As all students who attend Chinese-weekend cultural schools 
were grouped into classes based on language capability rather than age, all students 
in language levels 7 and 8 (ranging from level 1 to 12) who were aged between 11-
16 years were invited to participate.  The Chinese-weekend school Principal 
restricted access to participants in these language levels (levels 7 and 8) to reduce 
classroom disruptions to the senior classes (level 9-12).  Assembly presentations 
were given to students, teachers and parents regarding the study and at the 
conclusion the plain language statement and consent form was distributed to 
students.  All aspects of this study were conducted by the candidate (Claudia 
Strugnell), with the only exception being the use of volunteer data collectors to help 
with data collection at schools.  For example all meetings/phone calls with 
Principals, assembly presentations, ethics applications, preparations for data 
collection, collection itself with volunteer assistance, data entry, analyses and write-
up was all conducted by the candidate. 
 
A total of 505 students were invited, and 106 students returned a signed consent form 
and participated in baseline (Time 1) testing, a response rate (RR) of 21%.  The final 
study sample consisted of 77 participants as 29 participants were absent at Time 2, 
resulting in an overall RR of 15.2%.  Prior to conducting this study, ethical approval 
was sought and granted from the Victorian Department of Education and Early 
Childhood Development and Deakin University’s Faculty of Health Human Ethics 
Advisory Group.  Informed consent was obtained via the plain language statement 
and consent form which was signed by both the student and one of their 
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parents/guardians and was a requirement of participation.  A copy of the plain 
language statement and consent form is presented in Appendix 3. 
 
Measures for Study 1  
Appendix 4 summarises all items contained within the CAPANS-PA questionnaire in 
detail, as well as any modifications made to the instruments from the original 
CAPANS instrument. 
 
In summary, the CAPANS-PA was a 7-day, 22-item recall questionnaire containing 
11 demographic questions and 11 physical activity and sedentary behaviour 
questions.  Participants indicated their frequency (number of sessions performed) and 
duration (minutes per session of participation) among a checklist of 32 commonly 
performed physical activities and 14 sedentary behaviours (Mon-Fri, Sat & Sun) as 
well as engagement in school based and non-school based activities (Physical 
Education, recess and lunch PA, out of school PA) (Appendix 5).(226)   
 
Questions 1 to 11 required participants to report their date of birth, age (years), 
school in which they attended Monday to Friday, gender (circle), suburb and 
postcode of residence and country of birth of the participant, their biological mother 
and father and their maternal grandmother and grandfather.  The addition of country 
of birth of the participant, biological parents and maternal grandparents was the only 
modification made from the original CAPANS questionnaire in the series of 
demographic questions.  
 
Question 12 required participants to recall the type (circle), frequency and duration 
of participation in a checklist of 32 commonly performed physical activities during 
the previous 7-days (Monday to Friday, Saturday and Sunday).   In addition, two 
optional ‘Other activity’ response options were available for participants to report 
participation in a non-listed activity e.g. Volleyball.  Modifications made to the 
CAPANS-PA instrument from the original CAPANS questionnaire were minimal 
and included the rewording the period of recall from ‘usually do during a typical 
week’ to ‘last 7-days’ as reliability has been shown to increase with a shorter period 
of recall.(154, 155, 216, 233)  In addition, the CLASS-C validation further supports the 
change to ‘last 7-days’as the physical activity and sedentary behaviour recall 
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components of the CAPANS questionnaire are heavily based on the CLASS 
instrument.(234)  In the CLASS-C validation, acceptable reliability for duration spent 
in MVPA (ICC ≥ 0.70) was observed for all participants and significant criterion 
validity correlations with accelerometry were observed for mins.week-1 spent in 
MPA and VPA for females, but not males using the ‘last week’ recall period.(219)  
This is markedly better than the CLASS questionnaire where ICC correlations with 
MVPA duration, using a ‘typical week’ recall period were low (ICC = 0.24) and no 
significant correlations were observed with accelerometry measured duration spent in 
MPA or VPA.(234)  This change to ‘last 7 days’ was also adopted in the 2008 
CAPANS WA survey from the original 2003 version.(226) Further changes included 
the removal of the ‘4 square/Downball’ item which was replaced with ‘hockey’, 
‘surfing’ and ‘martial arts’ in the physical activity checklist as recommended by the 
PATF in the 2003 report.(226)   
 
Questions 13 to 18 required participants to indicate their  physical activity after 
school, in the evenings and on last weekend, as well as indicate how active they were 
in physical education, recess and lunch over the previous 7-days using a series of 5-
point Likert scales (see Appendix 5 for a details of the response options).  No 
changes were made to this series of school-based and non-school based physical 
activity questions.  Question 19 asked participants if anything prevented them from 
engaging in their normal physical activity during the previous week (Yes/No) and 
provided an opportunity for a reason to be given. Questions 20 and 21 asked 
participants how they got to school and home from school on Friday and indicated 
their mode of transport to and from school and estimated the duration of any active 
transport components. Modification from the original CAPANS questionnaire for 
transport questions included the change of wording from “Did you walk or cycle 
to/home from school today” to “Did you walk or cycle to/home from school on 
Friday”.  This change was made as participants attended Chinese-weekend cultural 
school on the day of questionnaire administration and this item would have reflected 
‘usual’ active transport.  Friday was selected as the day of recall as it would be the 
easiest to recall for participants as they would have completed the questionnaire on a 
Saturday or Sunday.    
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Finally, Question 22 required participants to recall the frequency and duration of 
participation in a checklist of 14 commonly performed sedentary behaviours during 
the previous 7-days outside of school hours (Monday to Friday, Saturday and 
Sunday).  Modifications from the original CAPANS questionnaire included changing 
the recall period from ‘usually spend on an average school day and weekend’(226) to 
‘last 7-days’ and the creation of four individual items from the original two: ‘Study, 
homework or extra tutoring’ and ‘Go to church or Saturday school’ into ‘Study or do 
homework’, ‘Attend Saturday school’, ‘Go to church’ and ‘Attend out-of-school 
hours tutoring’.   
 
Procedure for Study 1 
Data collection occurred between May and August 2009.  Participants completed the 
CAPANS-PA questionnaire at Time 1 and again 7-days later. The questionnaire took 
approximately 15 minutes to complete and was completed during class-time.  
Students were guided through the questionnaire by the candidate or by trained 
volunteer data collectors to ensure all instructions and responses to questions were 
consistent.  At the end of the second questionnaire administration, each student 
received compensation in the form of a recyclable bag containing a ‘hacky sack’ and 
three Australian government brochures pertaining to healthy eating and regular 
physical activity for children and adolescents. A 7-day protocol was selected due to 
the fact that Chinese-weekend cultural schools run on either a Saturday or Sunday.  It 
was not possible to have an overlapping recall period as the students were not 
physically in the same location during the week (e.g. at their normal high school).  
Additionally, it was also not possible to repeat the questionnaire twice, several hours 
apart, as Chinese-weekend language schools only run for 3-4 hours each day and two 
interruptions on the same day would not have been approved by the schools’ 
Principal.  It has previously been highlighted that an overlapping recall period is 
desired when examining reliability so coefficients are not influenced by actual 
differences in physical activity between questionnaire administrations.(178)  This was 
not possible in this study due to the outlined reasons above. 
 
Trained volunteer data collectors were used in Study 1 due to the nature of Chinese-
weekend cultural schools. In some instances it was not possible to convene all 
students in the one location due to time and classroom-space restrictions within a 
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school.  As students only attend school on Saturday or Sunday morning for 
approximately 3 hours, disruptions to this learning time had to be kept to a minimum 
as directed by the Principal.  In instances where two or more classrooms were 
completing the questionnaire at the same time, volunteer data collectors guided 
students through the questionnaire.  At such time, the candidate (Claudia Strugnell) 
would also be guiding a group of students through the questionnaire.  To ensure all 
instructions and responses to questions were consistent, all data collectors attended 
an extensive one hour training session led by the candidate and were issued with a 
training manual.  This manual contained the standardised questionnaire 
administration procedure and a list of standardised responses to potential questions.  
All data collectors obtained a current Working with Children Check (a criminal 
records check issued by the Victorian Department of Justice) prior to data collection. 
 
Data management for Study 1 
For Study 1, all questionnaires were hand screened for errors and entered into SPSS 
Statistics Version 17.0 for analysis.  Ten per cent of the questionnaires were 
randomly selected and re-entered for quality assurance with no-statistical difference 
observed.  A total of 29 students were absent at Time 2 thus complete test-retest data 
was available for 77 participants.  
 
Self-reported frequency and duration spent in MVPA was analysed by creating eight 
variables from the 32-item physical activity checklist  and optional two ‘Other 
activity’ items (Question 12): 1) Total weekly MVPA Frequency Mon-Sun; 2) Total 
weekday MVPA Frequency Mon-Fri; 3) Total weekend MVPA Frequency Sat; 4) 
Total weekend MVPA Frequency Sun; 5) Total  weekly MVPA Duration Mon-Sun; 
6) Total  weekday MVPA Duration Mon-Fri; 7) Total weekend MVPA Duration Sat; 
and 8) Total weekend MVPA Duration Sun.   These activities were summed to create 
activity totals (e.g. Frequency Aerobics Mon-Fri + Dance Mon-Fri and so forth).  All 
activities were identified as being moderate (≥ 3-5.9METS) or vigorous (≥6 METS) 
based on the compendium of energy expenditures for youth.(235)  Results were also 
checked for extreme values with participation in MVPA exceeding ≥6 hours.d-1 
deemed to be implausible. This was an arbitrary cut point and subsequently the 
responses from participants who reported ≥ 1800 mins of total MVPA on Mon-Fri or 
≥ 360 mins of total MVPA on Sat or Sun were excluded from the analysis for the 
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particular question only.  Results from five participants were excluded (coded as 
missing) for exceeding ≥ 360 mins of MVPA on Sat or Sun, for this particular 
variable. Truncating extreme values was not considered appropriate as this would 
have inflated the mean with values that were unlikely to be implausible.   
 
Self-reported duration spent in sedentary behaviour (Question 22) was examined by 
creating five categories of sedentary behaviour  based on those developed by Hardy 
et al., 2007 for the Adolescent Sedentary Activity Questionnaire (ASAQ):(236)  
 
a) Small Screen Recreation (Watching TV, Watching videos/DVD’s, playing video 
games, Using a computer for fun) 
b) Education (Using a computer for homework, Doing homework not on a 
computer, Out of hours tutoring, Saturday School*) 
c) Travel (Motorised travel : car, train, bus, ferry/boat) 
d) Cultural Activities (Reading for fun, doing hobbies or crafts, musical instrument 
practice) 
e) Social Activities (Sitting around chatting with friends, using the telephone, 
hanging out, listening to music, religious activities)  
*Added to the Education category as was an original item of the ASAQ 
 
These categories of activities were summed to create activity totals for duration spent 
in weekly (Mon-Sun), weekday (Mon-Fri) and weekend (Saturday or Sunday) 
sedentary behaviour.  Extreme values were identified and removed when reported 
duration exceeded 8hrs.d-1 Mon - Fri or16 hrs.d-1 on Saturday or Sunday.  This was 
an arbitrary cut-point as it was deemed unlikely that out of school hours sedentary 
behaviour would logically exceed ≥8 hrs.d-1 during the week and ≥16 hrs.d-1 on the 
weekend.  The responses of 12 participants (16%) were excluded (coded as missing) 
from the analysis for the particular variable for exceeding these maximums. The 
same rationale for excluding rather than truncating extreme values was also applied. 
 
Statistical analysis for Study 1 
Initial analyses included paired-sample t-tests for parametric variables (where 
normal/predictable population distribution was assumed) and McNemar tests for 
non-parametric variables (where no assumption was made about the population 
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distribution).(237)  These were conducted to determine any significant differences 
between Time 1 and Time 2 means on survey items.(238)  The McNemar test is a 
direct equivalent of the paired t-test for parametric variables and is used in non-
parametric analyses.(239)  Significance was set at P < 0.05 and all variables were 
checked for normality via their kurtosis and skewness value. 
 
To analyse the test-retest reliability of the CAPANS-PA questionnaire, intra-class 
correlation (ICC) coefficients were used for interval and ratio variables with 
acceptable reliability defined as an ICC ≥ 0.70.(211)  For nominal and ordinal 
variables, the Cohen’s Kappa statistics (k) were used to examine reliability with poor 
agreement set at 0%, slight agreement (0.00-0.20), fair agreement (0.21-0.40), 
moderate agreement (0.41-0.60), substantial agreement (0.61-0.80) and almost 
perfect agreement (0.81-1.00).(212)   
 
3.3.4 Methods for Study 2. Construct validity of the CAPANS-PA 
questionnaire 
Sample and recruitment for Study 2 
This study used data from a sub-sample of Chinese-Australian participants who were 
involved in The Chinese and Australian Adolescent Health Study (CAAHS), 
discussed further in Chapter 5 to 8. In order to recruit Chinese-Australian 
adolescents, all Chinese-weekend cultural schools with enrolments of at least 20 
students in metropolitan Melbourne that were not involved in Study 1were invited to 
participate (n = 29).  The same recruitment procedure as Study 1 was adopted.  A 
total of 6 Chinese-weekend cultural schools with more than 20 adolescents aged 12-
16y agreed to participate (response rate of 22%).  These schools were located across 
12 separate campuses around metropolitan Melbourne (inner, northern, western, 
eastern and south-eastern suburbs). A total of 1163 adolescents were invited to 
participate using the same procedure outlined in Study 1, with informed consent 
obtained from 200 participants (response rate of 17%).   
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Measures for Study 2 
The CAPANS-PA questionnaire was used to collect information on physical activity 
and sedentary behaviour participation over the previous 7-days.  This questionnaire 
was identical to the CAPANS-PA questionnaire outlined in Study 1.  
 
Participants were also asked to wear the ActiGraph GT1M accelerometer for 7-days 
 (ActiGraph LCC, Pensacola, US).  As outlined in Chapter 2, accelerometers have 
been subject to reliability and validity testing.  Three-days of monitoring has been 
observed to provide reliable estimates of MVPA and sedentary behaviour duration 
among 6-8 year old children.(240)  In addition, criterion validity correlations have 
ranged from r = 0.66 to 0.85 with indirect calorimetry among youth (6-15y)(181) and 
0.51 to 0.61 with DLW among freeliving adolescents.(166) 
 
Procedure for Study 2 
Data collection occurred between August-November 2009 and April- June 2010.  
Participants were invited to complete the CAPANS-PA questionnaire and wear an 
accelerometer for 7-days.    The optimal study design would have been to have the 
period of recall from the CAPANS-PA questionnaire covering the same time period 
as when the accelerometer was worn.  However, this was not possible due to time 
restrictions within the Chinese-weekend cultural schools.  The candidate was unable 
to interrupt classes on two consecutive weekends for 15minutes or more to fit the 
accelerometer (T1), followed by an interruption of 15 minutes to administer the 
questionnaire (T2).  Therefore, both the accelerometer fitting and questionnaire 
administration were completed with a singular class disruption (20-30mins).  The 
collection of the accelerometer involved only a second minor (1-2 min) interruption 
in each classroom the following week.  As consequence of this study design was that 
different monitoring periods were covered by the accelerometer and the 7-day recall 
questionnaire (Figure 3.1).   
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Figure 3.1Timeline of actual monitoring period examined 
 
 
The procedure for the questionnaire administration was almost identical to the 
procedure outlined in Study 1. The exception being that the compensatory recyclable 
bag and contents were received after the accelerometer was fitted. This was done to 
again reduce any class interruptions, as handing out a recyclable bag and content to 
participants when collecting the accelerometer would have been time consuming.  
 
Accelerometers were fitted to each participant by the candidate or by trained 
volunteer data collectors at the conclusion of the questionnaire administration (in 
addition to taking height, weight and waist-circumference, as outlined in Chapter 5 to 
8).  The accelerometer was placed over the right hip using an elastic belt and was 
worn for the proceeding 7-days.  Participants were instructed to wear the 
accelerometer during waking hours and to only take off the accelerometer for water-
based activities (e.g. showering or swimming).  The accelerometer was collected 7-
days later by the candidate or by trained volunteer data collectors from each 
participant in their classroom (1-2 min classroom disruption).  In some instances, 
more than one visit to each school was required to reclaim all the accelerometers.   
 
Data management for Study 2 
For Study 2, all questionnaires were hand screened for errors and entered into SPSS 
Statistics Version 17.0.  Ten per cent of the questionnaires were randomly selected 
and re-entered with no significant difference observed in entered results.  Of the 
recruited 200 adolescents, complete data were available for 171 participants with 102 
of these adolescents being of Chinese ethnicity.  Chinese ethnicity was determined 
by the participant being born in China themselves, or having both parents or both 
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maternal grandparents being born in China (derived from Question 7 to 11). In Study 
2, only adolescents of Chinese ethnicity (termed Chinese-Australian) were included 
since a high proportion of adolescents of South-East Asian origin were recruited 
accidentally (this is discussed in detail in Chapter 5). 
 
Self-reported duration spent in MVPA (mins.d-1)  (Question 12) and sedentary 
behaviour (Question 22) were analysed by creating six variables: 1) Average 
weekday MVPA (Mon-Fri); 2) Average weekend MVPA (Sat or Sun); 3) Average 
weekly MVPA (Mon-Sun); 4) Average weekday Sedentary (Mon-Fri); 5) Average 
weekend Sedentary; and 6) Average weekly Sedentary Mon-Sun.  These totals 
represent the summation of all reported duration values for the 32 physical activities 
and 14 sedentary behaviours divided by the number of days of recall.  Extreme self-
reported values were identified if duration spent in MVPA exceeded 6 hrs.d-1 or 
sedentary behaviour exceeded 8 hrs.d-1 (Mon-Fri) and 16 hrs.d-1 on Saturday or 
Sunday for sedentary behaviour.  One participant was excluded (coded as missing) 
for exceeding ≥6 hrs.d-1 of self-reported weekend MVPA and 8 participants were 
excluded (coded as missing) for exceeding ≥8 hrs.d-1 of self-reported weekly 
sedentary behaviour.  Totals of activity could not be analysed in the same manner as 
Study 1, which looked at totals across the week or weekend, due to the need for the 
questionnaire data to reflect accelerometry data.  
 
Accelerometry data were downloaded using a basic data reduction program and 
merged (using the matched ID function) into a larger SPSS data file.  The completed 
SPSS data file containing all variables was them imported in STATA STATA 11.0 
(STATA Corp., College Station Texas, USA) for analysis.  Activity counts were 
accumulated over 30-second intervals.  Accelerometry data from participants were 
included if a minimum of 3 complete days with ≥ 500 mins.day-1 of wear-time was 
recorded,(241) (including 1 weekend day).  Spurious data was identified and excluded 
from analyses when activity counts exceeded  > 4 000 000 counts.d-1, which 
indicated possible accelerometer malfunction.(242)  In addition, average counts.min-1 
that exceeded ≥ 20 000 were set to missing to identify spurious data as was done in 
one of the data reduction protocols outlined by Masse et al., (2005).(243)  Non-wear 
time was indentified when zero activity counts for 10 minutes or longer was recorded 
and were considered periods where the monitor was not worn.  Total wear time was 
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generated by the equation (wear time = 1440- non-wear time).  Physical activity 
variables included duration (mins.d-1) spent in sedentary (≤ 1.49 METs) and MVPA 
(≥ 3.00 METs) based on the Freedson/Trost age-specific energy expenditure 
prediction equation (Table 3.3).(174)  Duration spent in activity per valid day was 
summed and divided by the total number of valid days. 
 
Table 3.3 Accelerometer (counts.min-1) range to determine activity intensity# 
Age Sedentary Light Moderate Vigorous 
12 0 -100 101-1262 1263 – 4135 4136 - 20 000 
13 0 -100 101-1398 1399 – 4380 4381 - 20 000 
14 0 -100 101-1545 1546 – 4645 4646 - 20 000 
15 0 -100 101-1705 1706 – 4931 4932 - 20 000 
16 0 -100 101-1878 1879 – 5241 5242 - 20 000 
 # = Counts.min-1 ranges based on the age-specific equation (METs = 2.757 + (0.0015 * counts.min-1) 
– (0.08957 * age [yr]) – (0.000038 * counts.min-1 * age [yr]) developed by Freedson et al., 2005 for 
Light, Moderate and Vigorous activity.(174)  
 
Two periods of recruitment were required to collect data from Chinese-Australian 
adolescents (August-November 2009 and April- June 2010).  These two time-periods 
represented two different seasons in Melbourne, Australia (Spring and Autumn).  In 
order to accurately merge these data, data were checked for any significant 
differences on key variables (age, gender, total counts.min-1, Light mins.d-1, MVPA 
mins.d-1, Sedentary mins.d-1) (Appendix 6).  No significant differences were 
observed in mean age or the proportion of male adolescents, despite a higher number 
of Chinese-Australian adolescents being recruited in Autumn, 2010.  In addition, no 
significant difference was observed in mean mins.d-1 spent in weekly (Mon-Sun) 
MVPA, sedentary or light-intensity activity. Therefore, the data from the two 
recruitment periods were merged. 
 
Statistical analysis for Study 2 
Initial analyses included paired-sample t-tests to examine any significant differences 
in duration spent in daily (mins.d-1) MVPA and sedentary behaviour derived from the 
accelerometer and the questionnaire.(237)  The construct validity of self-reported time 
spent in MVPA and sedentary behaviour was examined using spearman rank-order 
correlations (Rho, ρ).  Self-reported and objectively measured time spent in MVPA 
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was correlated using the non-parametric technique as the variables were non-
parametric (not normally distributed).  A correlation  ρ ≥ 0.30 was considered 
evidence of acceptable validity.(208) 
 
3.4 Results 
3.4.1 Study 1. Test-retest reliability 
Characteristics of participants 
In Study 1, the 77 participants were aged between 11-14y at Time 1 (mean 12 ± 0.8 
years) with an almost equal distribution between males (49%) and females (51%).  
The majority of participants (82%) were of Chinese ethnicity by either being born in 
China themselves, having both parents born in China or having both maternal 
grandparents being born in China at Time 1.   
 
Test-retest reliability of the 32 individual physical activities (Q. 12) 
In Question 12, participants recalled their participation in physical activity over the 
previous 7-days by indicating the type (Yes/No), frequency and duration of 
participation in a 32-item checklist of common physical activities.  The test-retest 
reliability of moderate intensity physical activities is presented in Table 3.4.  The 
results demonstrate that the majority of moderate intensity activities had at least 
substantial agreement, with 2-items having moderate agreement, 2-items having 
perfect agreement and 1-item having fair agreement.  In contrast, two items had 
negative agreement ‘Play in cubby house’ and ‘Physical and Sport Education class.  
In this instance, the result is correct and relates to the phrasing of the particular 
question as participants are unlikely to change their response between testing.  For 
example, participants who answered ‘yes’ or ‘no’ to ‘playing in a cubby house’ were 
unlikely to change their response between Time 1 and Time 2, and thus a negative 
agreement was observed.  The per cent agreement for these two items indicated both 
items had over 90% agreement, but this value can be affected by chance and the 
number of respondents in each cell.(244)  
 
Test-retest reliability of vigorous intensity activities are presented in Table 3.5.  In 
general, the majority of items had substantial agreement with 4-items having 
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moderate and 1-item having fair and another having perfect agreement.  All items 
had percent agreements above ≥ 78%. Examinations of the proportion of adolescents 
who answered ‘Yes’ or ‘No’ between Time 1 and Time 2, via the McNemar tests, 
only differed for tennis and skipping rope participation.  The reliability for these two 
items was moderate for skipping rope and substantial for tennis. 
 
Table 3.4 Test-retest reliability of participation (Yes/No) in moderate intensity 
physical activity items 
Activity 
 
Kappa 
(95%:CI) 
  (P) 
 
Per cent 
Agreement 
(%) 
N and % of 
missing 
responses# 
Dance 0.56 (0.27, 0.84) <0.001 83% 14,18% 
Callisthenics/ 
Gymnastics 
0.61 (0.29, 0.94) <0.001 90% 16, 20% 
Cricket 0.52  (0.18, 0.85)   <0.001 90% 17, 21% 
Baseball/Softball 0.68  (0.15, 0.98)   <0.001 94% 15, 20% 
Tag/ chasey 0.62  (0.43, 0.81)  <0.001 82% 11,14% 
Surfing 0.66  (0.04, 1.00)   <0.001 98% 20, 26% 
Skateboarding 1.0  (n/a)   <0.001 100% 18, 23% 
Play on playground equipment 0.68  (0.48, 0.88)   <0.001 87% 14,18% 
Play in cubby house -0.02 (-0.05, 0.01)   .86 95% 17, 22% 
Play with pets 0.79  (0.60, 0.99)   <0.001 94% 15, 20% 
Walk the dog 0.82  (0.57, 1.00)   <0.001 97% 16, 21% 
Walk for exercise 0.61 (0.36, 0.79)   <0.001 82% 11,14% 
Travel by walking to school 
carrying load e.g. bag 
0.75  (0.59, 0.93)   <0.001 88% 13,17% 
Household chores 0.38  (0.11, 0.59)   <0.001 71% 8,  10% 
Physical  and Sport Education 
class 
-0.04 (-0.07, 0.00)   0.73 92% 3,    4% 
 * p < 0.05; N = sample size; # = The total number and percentage of missing responses between test 
and retest from 77 participants; n/a = results not applicable.  
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Table 3.5 Test-retest reliability of participation (Yes/No) in vigorous intensity 
physical activity items  
Activity 
 
Kappa 
(95%:CI) 
    (P) 
 
Per cent 
Agreement 
(%) 
N and % of 
missing 
responses# 
Aerobics 0.65 (0.39, 1.00)  <0.001   97%  17, 22% 
Tennis/Table tennis 0.71 (0.51, 0.87) <0.001   85% 9,  12% 
Australian Rules Football 0.50  (0.27, 0.73) <0.001   78% 19, 25% 
Soccer 0.56  (0.36, 0.76)   <0.001   78% 13,17% 
Basketball 0.71  (0.53, 0.88) <0.001   85% 16, 21% 
Netball 0.70  (0.05, 0.91) <0.001   89% 14,18% 
4 square/ Down ball 0.69  (0.50, 0.86)   <0.001   85% 11,14% 
Swimming laps 0.71  (0.54, 0.88) <0.001   86% 14,18% 
Skipping rope 0.58  (0.35, 0.82)   <0.001   86% 14,18% 
Martial Arts 1.0  (n/a) <0.001  100% 16, 21% 
Hockey 0.74  (0.36, 1.00) <0.001   95% 19, 25% 
Roller-blading 0.64  (0.41, 1.00)   <0.001   95% 18, 23% 
Scooter 0.64  (0.30, 0.94)   <0.001   90% 15, 20% 
Bike riding 0.60  (0.39, 0.80)   <0.001   82% 15, 20% 
Bounce on trampoline 0.39  (0.07, 0.71)  0.002   85% 15, 20% 
Jogging or running 0.56 (0.33, 0.76) <0.001   79% 9,  12% 
Travel by cycling to school 0.79  (0.40, 1.00)   <0.001   98% 17, 22% 
 * p < 0.05; N = sample size; # = The total number and percentage of missing responses between test 
and retest from 77 participants; n/a = results not applicable. 
 
 
Test-retest reliability of frequency and duration of MVPA from the 32-item 
physical activity checklist (Q.12) 
Table 3.6 displays the results of the paired-sample t-tests and ICC correlations of the 
six variables relating to frequency of MVPA for all participants and for males and 
females.  In general, acceptable test-retest reliability was observed for weekly, 
weekday and Saturday MVPA frequency for all participants (ICC ≥ 0.70).  Gender 
differences in reliability were observed with males failing to achieve acceptable 
reliability across any MVPA frequency category (weekly, weekday, Saturday or 
Sunday).  Overall, recalling frequency of MVPA participation was stable across the 
week, however, Sunday participation was not stable for any participant.  As no 
115 
 
significant differences in mean frequency from Time 1 to Time 2 for Sunday 
participation, it suggests that recalling this behaviour is not reliable.   
 
Table 3.6 Test-retest reliability of frequency of physical activity estimates  
Activity frequency N Meand  
Frequency [(No. of 
times),(SD)] 
Mean  
Difference c 
ICCa 
  Time 1  
T1 
Time 2  
T2 
 (95%:CI)  (95%:CI) 
Males      
Total MVPAb Mon-Fri  37 21.4 (11.9) 18.1 (8.9)  3.3  (0.47, 6.01)* 0.65** (0.42, 0.80) 
Total MVPAb Sat  23 2.5 (2.1) 3.5 (5.3) -1.0  (-3.20, 1.22) 0.18      (-.23, 0.55) 
Total MVPAb Sun  15 1.4 (1.9) 2.2 (1.6)   0.8 (-1.87, 0.27) 0.35     (-0.16, 0.72) 
Total MVPAb Mon-Sun 37 24.8(14.2)* 21.2 (11.9)   3.6 (0.08, 7.11)* 0.65**  (0.42, 0.81) 
Females      
Total MVPAb Mon-Fri 39 17.9 (11.1) 17.9 (12.0)  0.0  (-1.86, 1.96) 0.87** (0.77, 0.93) 
Total MVPAb Sat  24 3.6 (6.3) 4.5 (6.7) -0.9  (-1.77, 0.10) 0.94** (0.86, 0.97) 
Total MVPAb Sun  17 4.0 (9.6) 2.5 (1.8)  1.5  (-3.14, 6.08) 0.18    (-0.31, 0.59) 
Total MVPAb Mon- Sun 39 22.1 (20.5) 21.7 (18.0)   0.4 (-1.48, 2.30) 0.96** (0.92, 0.98) 
Overall sample      
Total MVPAb Mon-Fri 76 19.6 (11.5) 18.0 (10.5)   1.6 (-0.06, 3.7) 0.77** (0.67, 0.85) 
Total MVPAb Sat  47 3.1 (4.7) 4.0 (6.0)  -0.9 (-2.10, 0.22) 0.73** (0.57, 0.84) 
Total MVPAb Sun  32 2.8 (7.2) 2.4 (1.7)   0.4 (-2.00, 2.81) 0.19    (-0.16, 0.50) 
Total MVPAb Mon-Sun 76 23.4 (17.7) 21.5 (15.3)   1.9 (0.01, 3.91)* 0.86** (0.79, 0.91) 
a = Intra-class correlation and 95% confidence interval; b = moderate to vigorous physical activity 
participation; *p<.05, **p<0.01, N = number of respondents for the question item; c = mean 
difference and significance from Time 1 to Time 2 using paired sample t-tests; d = mean frequency 
and standard deviation. 
 
 
Test-retest reliability for self-reported duration spent in total MVPA is presented in 
Table 3.7.  Acceptable test-retest reliability was observed for duration spent in 
weekly, weekday and Saturday MVPA for all participants.  No distinct gender 
differences in reliability were discernible.  In addition, no significant differences in 
duration spent in MVPA from Time 1 to Time 2 were observed.  Similar to 
frequency of MVPA, duration spent in Sunday MVPA was not reliable for males, 
females or all participants.   
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Table 3.7 Test-retest reliability of duration spent in physical activity  
Activity duration N Meand  
mins (SD) 
Mean  
Difference c 
ICCa 
  Time 1  
T1 
Time 2  
T2 
 (95%:CI)  (95%:CI) 
Males      
Total MVPAb Mon-Fri  
 
37 669.7 (303.0) 613.3 (289.3) 56.4 
(-11.08, 123.89) 
0.76** 
(0.58, 0.87) 
Total MVPAb Sat  
 
23 82.6 (72.1) 104.4 (91.7) -21.7 
(-49.95, 6.47) 
0.67** 
(0.37, 0.84) 
Total MVPAb Sun  
 
15 54.0 (70.3) 94.0 (65.0) -40.0 
(-82.76, .2.76) 
0.27 
(0.25, 0.67) 
Total MVPAb Mon- Sun 
 
37 791.9 (367.5) 716.3 (338.0) 75.6 
(-10.88, 162.07) 
0.72** 
(0.52, 0.84) 
Females      
Total MVPAb Mon-Fri 
 
35 490.5 (271.1) 491.2 (321.8) -0.8 
(-81.18, 79.58) 
0.70** 
(0.48, 0.84) 
Total MVPAb Sat  
 
21 87.1 (93.3) 110.9 (86.5) -23.9 
(-52.56, 4.84) 
0.73** 
(0.46, 0.88) 
Total MVPAb Sun  
 
15 77.0 (90.4) 82.7 (64.6) -5.5 
(-51.64, 40.71) 
0.46* 
(-0.03, 0.78) 
Total MVPAb Mon- Sun 
 
35 580.0 (332.4) 593.3 (385.1) -13.3 
(-89.29, 62.66) 
0.82** 
(0.67, 0.90) 
Overall sample      
Total MVPAb Mon-Fri 
 
72 582.6 (299.8) 554.0 (309.5) 28.6 
(-22.79, 79.98) 
0.74** 
(0.62, 0.83) 
Total MVPAb Sat  
 
44 84.7 (81.9) 107.5 (88.3) -22.8 
(-42.04, 3.46) 
0.70** 
(0.51, 0.82) 
Total MVPAb Sun  
 
30 65.6 (80.4) 88.3 (64.0) -22.7 
(-52.94, 7.47) 
0.36* 
(0.01, 0.63) 
Total MVPAb Mon- Sun 
 
72 688.8 (364.4) 656.5 (363.4) 32.4 
(-24.96, 89.71) 
0.78** 
(0.66,0. 85) 
a = Intra-class correlation and 95% confidence interval; b = moderate to vigorous physical activity 
participation; *p<.05, **p<0.01, N = number of respondents for the question item;    c = mean 
difference and significance from Time 1 to Time 2 using paired sample t-tests; and d = mean duration 
and standard deviation. 
 
Test-retest reliability of school-based and non-school based physical activity 
(Q.13-18) 
In Question 13 to18, categorical response options (1- 5) were used to indicate 
frequency of school-based and non-school based physical activity.  As these 
categories were ordinal in nature, they have been analysed using the ICC with a 
higher value representing a higher frequency.  The reliability of these questions is 
presented in Table 3.8.  The results indicate that most items had acceptable test-retest 
reliability (ICC ≥ 0.70), however, gender differences in reliability were evident with 
males typically having lower ICC coefficients than females.  This was particularly 
evident with frequency of physical activity after school and in the evenings, with 
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males not having acceptable reliability in contrast to females.  Since, no significant 
differences in Time 1 and Time 2 means were observed between questionnaire 
administrations, it would appear that recalling this behaviour among males is slightly 
less stable.  
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Table 3.8 Test-retest reliability of school based and non-school based activity 
Activity N Meand (SD) Mean Diff c ICCa 
 Time 1  
T1 
Time 2  
T2 
 (95%:CI)  (95%:CI) 
Males      
Frequency of very active 
participation in physical 
education 
37 4.2 (0.8) 
 
4.4 (0.6) 
 
-0.1 (-0.35, 0.08) 0.58 (0.32, 0.76)*** 
Activity at recess (besides 
eating) 
38 3.2 (1.2) 3.3 (1.3) -0.1 (0.43, 0.17) 0.74 (0.55, 0.85)*** 
Activity at lunch (besides eating) 38 3.5 (1.0) 3.5 (1.0) 0.0 (-0.27, 0.32) 0.67 (0.46, 0.82)*** 
Frequency of physical activity 
right after school 
38 2.8 (1.0) 
 
3.0 (0.9) 
 
-0.2 (-0.46, 0.14) 0.52 (0.25, 0.72)*** 
Frequency of physical activity in 
the evenings  
38 2.3 (1.0) 
 
2.2 (1.0) 
 
0.1 (-0.20, 0.41) 0.56 (0.30, 0.75)*** 
Frequency of physical activity 
during the last weekend 
 
38 2.8 (0.9) 
 
2.7 (0.9) 
 
0.1 (-0.11, 0.38) 0.65 (0.43, 0.80)*** 
Females      
Frequency of very active 
participation in physical 
education 
36 4.0 (0.7) 
 
4.0 (0.8) 
 
-0.0 (-0.22, 0.16) 0.73 (0.53,0.85)*** 
Activity at recess (besides 
eating) 
39 2.5 (1.0) 2.4 (0.9) 0.10 (-0.18, 0.39) 0.54 (0.27, 0.73)*** 
Activity at lunch (besides eating) 39 2.6 (1.0) 3.0 (1.1) -0.4 (-0.76, -0.01)* 0.39 (0.09, 0.62)*** 
Frequency of physical activity 
right after school 
39 2.6 (1.1) 2.5 (1.2) 0.1 (-0.13, 0.34) 0.81 (0.66, 0.89)*** 
Frequency of physical activity in 
the evenings  
39 2.1 (1.2) 2.1 (1.1) -0.1 (-0.27, 0.17) 0.82 (0.68, 0.90)*** 
Frequency of physical activity 
during the last weekend 
 
39 2.2 (1.0) 2.2 (1.1) 0.0 (-0.29, 0.29) 0.63 (0.40, 0.79)*** 
Overall sample      
Frequency of very active 
participation in physical 
education 
73 4.1 (0.9) 4.2(0.7) -0.1 (-0.22, 0.06) .67 (.52, 0.78)*** 
Activity at recess (besides 
eating) 
77 2.9 (1.1) 2.9 (1.2) -0.01 (-0.22, 0.19) 0.70 (0.57, 0.80)*** 
Activity at lunch (besides eating) 77 3.0 (1.1) 3.2 (1.1) -0.2 (-0.42, 0.06) 0.57 (0.39, 0.70)*** 
Frequency of physical activity 
right after school 
77 2.7 (1.0) 2.8 (1.1) 
 
-0.0 (-0.21, 0.16) 0.70 (0.56, 0.80)*** 
Frequency of physical activity in 
the evenings  
77 2.2 (1.1) 2.2 (1.1) 
 
0.0 (-0.16, 0.21) 0.71 (0.58, 0.81)*** 
Frequency of physical activity 
during the last weekend 
77 2.5 (1.0) 
 
2.4 (1.0) 
 
0.07 (-0.12, 0.25) 0.66 (0.51, 0.77)*** 
a = Intra-class correlation and 95% confidence interval; *p<.05, **p<0.01, N = number of respondents 
for the question item;    c = mean difference and significance from Time 1 to Time 2 using paired 
sample t-tests; d = mean frequency and standard deviation. 
 
 
 
119 
 
Test-retest reliability of active transport type and duration (Q. 20 & 21) 
Test-retest reliability of active transport to and from school on the Friday (just 
passed) is presented in Table 3.9.  In general, 31 participants (42%) indicated they 
had used active transport to school on Friday, with 34 participants (44%) indicating 
they took active transport home from school on the same day.  With regards to 
reliability of the active transport questions, all items had at least substantial 
agreement for the overall sample, with marginal gender differences detected.   The 
only notable difference was reliability of active transport (Yes/No) home from school 
among males and females.  Females had almost perfect agreement for this item, 
whereas males had moderate agreement. 
 
It is important to highlight the large proportion of missing responses surrounding 
contextual information of active transport to/from school e.g. ‘walked/cycled all the 
way to school’ or ‘walked/cycled home from the bus stop or train station’.  This 
relates to the fact that only students who indicated they had used active transport to 
or from school were required to answer this question.  Therefore, the number of 
responses to these items may have influenced the observed reliability results.  
  
120 
 
 
Table 3.9  Test-retest reliability of active transport type on Friday 
Transport mode 
 
Kappa 
(95%: CI) 
   (P) 
 
Per cent 
Agreement 
(%) 
N and % 
of missing 
responses# 
Males     
Did you walk or cycle to school  0.74 (0.53, 0.95) <0.001   87%  0,  0% 
Walked/cycled all the way to school or 
walked/cycled to the bus stop or train station 
0.88 (0.70, 1.00) <0.001 94% 22, 58% 
Did you walk or cycle home from school  0.42 (0.14, 0.71) <0.001 71% 0, 0% 
Walked/cycled all the way home from   
school or walked/cycled home from  the bus 
stop or train station 
 
0.87 (0.63, 1.00) <0.001 93% 24, 63% 
Females     
Did you walk or cycle to school  0.78 (0.58, 0.98) <0.001 90% 1, 3% 
Walked/cycled all the way to school or 
walked/cycled to the bus stop or train station 
1.00 (1.00, 1.00) <0.001 100% 27, 69% 
Did you walk or cycle home from school  0.95 (0.84, 1.00) <0.001 97% 2, 5% 
Walked/cycled all the way home from    
school or walked/cycled home from  the bus 
stop or train station 
 
1.00 (1.00, 1.00) <0.001 100% 23, 59% 
Overall sample    
Did you walk or cycle to school 0.76 (0.61, 0.91) <0.001 88% 1, 1% 
Walked/cycled all the way to school or 
walked/cycled to the bus stop or train station 
0.93 (0.80, 1.00) <0.001 96% 49, 64% 
Did you walk or cycle home from school  0.68 (0.52, 0.85) <0.001 84% 2, 3% 
Walked/cycled all the way home from   
school or walked/cycled home from  the bus 
stop or train station 
0.94 (0.82, 1.00) <0.001 97% 47, 61% 
 N = sample size; # = The total number and percentage of missing responses between test and retest 
from 77 participants. 
  
Participants who indicated that had taken active transport to or from school on the 
previous Friday (Yes) were asked to indicate the duration.  Reliability of self-
reported duration is presented in Table 3.10.  In general, reported duration spent in 
active transport was not reliable, except for active transport home from school among 
females.  Again, these results are largely affected by the small number of participants 
required to respond to this question. 
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Table 3.10 Test-retest reliability of duration of active transport on Friday 
Activity N Meand mins (SD)    Mean Diff c       ICCa 
  Time 1 
T1 
Time 2 
T2 
     (95%:CI) (95%:CI) 
Males     
Duration active 
 transport to school 
 
14 15.4 (10.4) 22.9 (30.4) -7.4 (-23.12, 8.26) 0.28 (-0.28, -0.68) 
Duration active 
 transport from school 
13 19.1 (15.4) 25.6 (33.6) -6.5 (-24.26, 11.18) 0.38 (-0.17, 0.76) 
Females     
Duration active 
 transport to school 
13 10.0 (4.6) 10.6 (6.3) -0.6 (-4.59, 3.36) 0.31 (-0.25, 0.72) 
Duration active 
 transport from school 
15 11.7 (7.5) 12.3 (11.4) -0.7 (-4.93,3.60) 0.70 (0.32, 0.89)*** 
Overall sample     
Duration active 
 transport to school 
 
27 12.8 (8.4) 17.0 (22.8) -4.2 (-12.07. 3.78) 0.32 (-0.06, 0.62)* 
Duration active 
 transport from school 
28 15.1 (12.2) 18.5 (24.8) -3.4 (-11.36, 4.57) 0.45 (0.11, 0.70)*** 
a = Intra-class correlation and 95% confidence interval; *p<.05, ***p<0.001, N = number of 
respondents for the question item;    c = mean difference and significance from Time 1 to Time 2 using 
paired sample t-tests; d =  mean duration spent in active transport and standard deviation. 
 
Test-retest reliability of duration spent in sedentary behaviour (Q.22) 
In Question 22, participants were asked to recall their duration spent in sedentary 
behaviour using a 14-item checklist.  In general, mean duration spent in weekly 
sedentary behaviour (Mon - Sun) was 265 ±109 mins.day-1 at Time 1 and 243 ± 120 
mins.day-1 at Time 2, which was not significantly different. The test-retest reliability 
of weekly sedentary behaviour (Mon-Sun) was acceptable among females but not for 
males (Females ICC = 0.83, p<0.01; Males ICC = 0.42, p<0.01; Overall ICC = 0.64, 
p<0.01).  Table 3.11 presents the test-retest reliability results of participation in 
sedentary behaviour and specific categories but gender.   
 
In general, self-reported duration spent in total sedentary behaviour was reliable 
among females but not among males. For example, acceptable test-retest reliability 
was observed for total weekday and Sunday sedentary behaviour among females, in 
addition to several specific sedentary behaviours, whereas acceptable reliability was 
only observed for Sunday Education among males.  The results also indicate higher 
reliability coefficients for specific weekday sedentary behaviours compared to 
weekend behaviour.  This was particularly evident for travel and small screen 
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recreation behaviours, where higher reliability coefficients were observed for 
weekday behaviour compared to Saturday or Sunday behaviour.  The exception to 
this pattern was participation in social activities.  No acceptable ICC’s were observed 
for weekday social activities among males, females or overall, whereas acceptable 
reliability was observed on Sunday for females and overall.   Overall, the results 
suggest the questionnaire had acceptable test-retest reliability for participation in 
specific sedentary activities and overall sedentary behaviour among females, but not 
males and overall participation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.11 Test-retest reliability and paired-sample t-tests for duration in sedentary behaviour  
 Monday-Friday Saturday Sunday 
 N Meand (min + SD) Mean Diff c ICCa N Meand (min + SD) Mean Diff c ICCa N Meand (min +SD) Mean Diff c ICCa 
  Time 1 
T1 
Time 2 
T2 
(95%: CI) (95%: CI)  Time 1 
T1 
Time 2 
T2 
 (95%: CI)  Time 1 
T1 
Time 2 
T2 
 (95%: CI) 
 Total Small Screen Recreation  
Overall 65  319.7 
(357.6) 
314.6 
(283.6) 
5.1 
(-55.0, 66.2) 
0.72** 
(0.58, 0.82) 
65 143.1 
(115.4) 
128.3 
(117.1) 
14.7 
(-13.5, 43.0) 
0.52** 
(0.32, 0.68) 
65 95.0 
(98.5) 
78.9 
(107.4) 
16.1 
(-7.3, 39.5) 
0.58** 
(0.39, 0.72) 
Male 34  281.9 
(312.5) 
295.2 
(265.3) 
-13.2 
(-112.4, 85.9) 
0.53*** 
(0.24, 0.73) 
34 170.1 
(124.5) 
132.9 
(131.8) 
37.2 
(-5.7, 80.0) 
-0.52** 
(0.23, 0.73) 
34 106.2 
(97.1) 
80.9 
(121.9) 
25.3 
(-15.2, 65.8) 
0.44** 
(0.13, 0.67) 
Female 31  361.1 
(402.4) 
336.0 
(305.4) 
25.2 
(-44.4, 94.7) 
0.86*** 
(0.73, 0.93) 
31 113.4 
(98.1) 
123.2 
(100.5) 
-9.8 
(-46.5, 26.8) 
0.50** 
(0.19, 0.72) 
31 82.7 
(100.1) 
76.8 
(90.8) 
6.0 
(-17.3, 29.2) 
0.79*** 
(0.60, 0.89) 
 Total Education  
Overall 65  311.9 
(230.9) 
281.8 
(249.4) 
30.1 
(-23.4, 83.7) 
0.59** 
(0.41, 0.73) 
65 137.9 
(115.2) 
119.5 
(109.5) 
18.5 
(-5.7, 42.7) 
0.62** 
(0.44, 0.75) 
65 169.2 
(135.0) 
139.9 
(128.1) 
29.3 
(2.7, 55.8)* 
0.65** 
(0.49, 0.77) 
Male 33  352.1 
(244.3) 
330.1 
(292.5) 
22.0  
(-58.8, 102.8) 
0.64*** 
(0.39, 0.80) 
34 145.9 
(107.0) 
111.2 
(102.0) 
34.7 
(-5.4, 74.8) 
0.37* 
(0.04, 0.63) 
34 178.0 
(147.8) 
143.5 
(144.0) 
34.5 
(-2.5, 71.5) 
0.72*** 
(0.51, 0.85) 
Female 31 267.9 
(210.2) 
228.9   
( 181.7) 
39.0 
(-34.8, 112.9) 
0.47** 
(0.15, 0.71) 
31 129.2 
(124.8) 
128.6 
(118.2) 
0.7 
(-25.8, 27.1) 
0.83*** 
(0.68, 0.91) 
31 159.5 
(121.0) 
136.0 
(110.3) 
23.6 
(-16.8, 63.9) 
0.55 ** 
(0.25, 0.75) 
 Total Travel  
Overall 37  146.8 
(151.8) 
156.6 
(152.7) 
-9.8 
(-50.4, 30.8) 
0.67** 
(0.47, 0.82) 
29 25.6 
(24.1) 
38.1 
(40.8) 
-12.6 
(-27.4, 2.4) 
0.29 
(-0.08, 0.59) 
27 23.6 
(19.9) 
27.8 
(31.6) 
-4.2 
(-15.0, 6.6) 
0.47* 
(0.12, 0.72) 
Male 17  148.2 
(149.8) 
173.5 
(164.8) 
-25.2 
(-103.0, 52.6) 
0.55** 
(0.12, 0.81) 
14 24.3 
(21.4) 
37.1 
(20.9) 
-12.9 
(-27.8, 2.1) 
0.18 
(-0.36, 0.63) 
11 22.7 
(18.4) 
31.8 
(22.3) 
-9.1 
(-20.6, 2.4) 
0.59* 
(0.05, 0.87) 
Female 20  145.6 
(157.5) 
142.3 
(144.3) 
3.4 
(-39.7, 46.4) 
0.82*** 
(0.6, 0.93) 
15 26.7 
(27.0) 
39.0 
(54.1) 
-12.3 
(-39.7, 15.1) 
0.33 
(-0.18, 0.71) 
16 24.1 
(21.4) 
25.0 
(37.1) 
-0.9 
(-18.3, 16.5) 
0.45  
(-0.03, 0.76) 
a = Intra-class correlation and 95% confidence interval; * = p<0.05, ** = p<0.01, *** = p<0.001, N = number of respondents for the question item;    c = mean difference and 
significance from Time 1 to Time 2 using paired sample t-tests; d =  mean duration and standard deviation. 
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Table 3.11 Continued 
 Monday-Friday Saturday Sunday 
 N Meand (SD) Mean Diff c ICCa N Meand (SD) Mean Diff c ICCa N Meand (SD) Mean Diff c ICCa 
  Time 1 
T1 
Time 2 
T2 
(95%: CI) (95%: CI)  Time 1 
T1 
Time 2 
T2 
 (95%: CI)  Time 1 
T1 
Time 2 
T2 
 (95%: CI) 
 Total Cultural Activities  
Overall 65 269.6 
(252.9) 
236.2 
(226.3) 
33.4 
(-8.3, 75.0) 
0.75** 
(0.62, 0.84) 
65 61.0  
(53.3) 
60.4  
(74.7) 
0.6  
(7.0, -13.5) 
0.62** 
(0.45, 0.75) 
61 46.8  
(61.0) 
42.3 
(68.5) 
4.5  
(6.8, -9.1) 
0.64** 
(0.48, 0.77) 
Male 34 238.8 
(255.4) 
195.4 
(225.9) 
43.4 
(-26.9, 113.6) 
0.65*** 
(0.40, 0.81) 
34 57.2  
(48.1) 
49.3  
(65.2) 
7.9  
(-10.3, 26.1) 
0.59*** 
(0.32, 0.77) 
34 47.2 
 (54.5) 
33.0 
(59.0) 
14.2  
(-2.2, 30.6) 
0.64*** 
(0.39, 0.80) 
Female 
 
31 303.3 
(250.0 
281.0 
(221.8) 
23.3 
(-23.0, 67.7) 
0.86*** 
(0.74, .93) 
31 65.2  
(59.1) 
72.6  
(83.4) 
-7.4  
(-29.9, 15.1) 
0.65***  
(0.39, 0.81) 
31 46.3  
(68.2) 
52.4 
(77.3) 
-6.1 
 (-28.8, 16.5) 
0.65***  
(0.39, 0.81) 
 Total Social Activities   
Overall 65 87.8 (245.5) 82.8 
(167.2) 
5.0 
(36.4, -67.7) 
0.03 
(-0.21, 0.27) 
65 37.5  
(80.2) 
43.7  
(81.8) 
-6.2  
(10.8, -27.7) 
0.43**  
 (0.21, 0.61) 
65 43.1  
(88.8) 
36.2 
(75.4) 
6.9  
(7.3, -7.7) 
0.75**  
 (0.61, 0.84) 
 
Male 34 131.7 
(331.6) 
53.6 
(83.0) 
78.1 
(-39.3, 195.5) 
0.02 
(-0.31, 0.35) 
34 34.7  
(82.2) 
32.8  
(70.5) 
1.9  
(-28.7, 32.5) 
0.36*    
 (0.03, 0.62) 
34 44.7 
 (76.9) 
28.2 
(59.4) 
16.5  
(-2.3, 35.2) 
0.68 *** 
(0.45, 0.83) 
 
Female 31 39.7  
(55.0) 
114.8 
(223.7) 
-75.2 
(-154.1, 3.8) 
0.9 
(-0.27, 0.42) 
31 40.7  
(79.1) 
55.7  
(92.4) 
-15.0 
 (-47.0, 17.0) 
0.49**   
(0.17, 0.71) 
31 41.3  
(101.5) 
44.8 
(89.9) 
-3.6  
(-26.8, 19.7) 
0.79 *** 
(0.61, 0.89) 
 
 All Sedentary Activities   
Overall 65 1090.0 
(568.8) 
1017.3 
(586.6) 
72.8 
(-80.2, 225.7) 
0.43** 
(0.21, 0.61) 
65 395.3  
(223.2) 
372.2  
(226.2) 
23.1  
(-28.5, 74.7) 
0.57**   
(0.38, 0.71) 
65 367.3 
(219.5) 
310.4 
(227.4) 
56.9 
 (11.7, 
102.0)* 
0.75**   
(0.61, 0.84) 
 
Male 34 1096.4 
(626.5) 
972.6 
(617.1) 
123.8 
(-142.3, 389.9) 
0.41** 
(0.09,0 .66) 
34 424.1  
(206.0) 
344.7  
(218.1) 
79.4  
(6.3, 152.5) 
0.47**   
(0.17, 0.70) 
34 388.8 
(215.6) 
296.7 
(232.4) 
92.1  
(20.3, 163.8) 
0.68 *** 
(0.45, 0.83) 
 
Female 31 1083.1 
(508.3) 
1066.3 
(557.1) 
16.8 
(-133.0, 166.6) 
0.81** 
(0.64, 0.90) 
31 363.8  
(240.1) 
402.4  
(234.6) 
-38.7  
(-108.9, 31.7) 
0.67*** 
 (0.43, 0.83) 
31 343.7 
(224.8) 
325.5 
(224.7) 
18.3 
 (-35.3, 71.8) 
0.79 *** 
(0.61, 0.89) 
 
a = Intra-class correlation and 95% confidence interval; * = p<0.05, ** = p<0.01, *** = p<0.001, N = number of respondents for the question item;    c = mean difference and 
significance from Time 1 to Time 2 using paired sample t-tests; d = mean duration and standard deviation. 
3.4.2 Study 2. Construct validity  
Characteristics of participants 
In Study 2, the 72 participants were aged between 12-16y and were older on average 
(13 ± 1.2 years) than participants in Study 1.  In addition, more females (58%) 
compared to males (42%) were involved in Study 2.  A requirement of inclusion into 
Study 2, was that all participants were of Chinese ethnicity by either being born in 
China themselves or having both parents or both maternal grandparents being born in 
China.   
 
 Construct validity of self-reported duration spent in MVPA and sedentary 
behaviour (Q.12 and Q.22) 
Results from Question 12 and Question 22 were used to investigate the construct 
validity of self-reported duration (mins.d-1) spent in average daily (Mon-Sun), 
weekday (Mon-Fri) and weekend (Sat or Sum) MVPA and sedentary behaviour 
compared to accelerometry.  Table 3.12 and Table 3.13 display the agreement 
between self-reported MVPA and sedentary behaviour participation with objectively 
measured participation.  In general, correlations with MVPA ranged from ρ = 0.1 to 
0.13, with weekday correlations higher for females compared to males who had 
higher correlations for weekend MVPA. Sedentary behaviour correlations were 
generally higher than MVPA, and ranged from ρ = 0.10 to 0.27.  The highest 
correlation between self-report and accelerometry measured participation was for 
duration spent in daily sedentary behaviour (Mon-Sun) (ρ = 0.27, p<0.05) for all 
participants. 
 
In general, self-reported participation in MVPA was significantly higher than 
objectively measured MVPA across the week and weekend for all participants 
regardless of gender.   The reverse was observed for sedentary behaviour, however, 
these findings should be interpreted with caution as sedentary behaviour was self-
reported for outside of school hours only.  
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Table 3.12 Construct validity and paired-sample t-test for duration in MVPA 
(mins.d-1) 
 N Meand (SD) Mean Diff c Rhoa 
Males Self-reportΦ AccelerometryΩ (95%: CI)  
Weekday MVPAb (Mon-Fri) 29 108.8 (50.8) 36.8 (13.8) 72.0 (52.2, 91.9)*** 0.01 
Weekend MVPAb (Sat or Sun) 30 38.5 ( 51.3) 15.9 (8.7) 22.6 (3.5, 41.7)* 0.07 
Daily MVPAb (Mon-Sun) 
 
28 87.8 (45.4 30.1 (11.1) 57.7 (39.6, 75.7)*** 0.08 
Female     
Weekday MVPAb (Mon-Fri) 42 95.4 (60.1) 26.5 (14.6) 68.9 (49.5, 88.2)*** 0.10 
Weekend MVPAb (Sat or Sun) 43 37.8 (48.8) 13.8 (11.6) 24.1 (8.5, 39.6)** 0.04 
Daily MVPAb (Mon-Sun) 
 
41 77.4 (47.9) 22.5 (11.3) 54.9 (39.2, 70.6)*** 0.04 
Overall     
Weekday MVPAb (Mon-Fri) 71 100.9 (56.5) 30.7 (15.0) 70.1 (56.5, 83.9)*** 0.13 
Weekend MVPAb (Sat or Sun) 73 38.1 (49.6) 14.7 (10.5) 23.5 (11.7, 35.3)*** 0.07 
Daily MVPAb (Mon-Sun) 69 81.6 (46.8) 25.6 (11.8) 56.0 (44.5, 67.6)*** 0.07 
Φ = self-reported time spent in MVPA, derived from Q.12 in the CAPANS-PA questionnaire; Ω = 
Accelerometry measured time spent in MVPA; a =Spearman rho correlation and significance level; b = 
moderate to vigorous physical activity participation; c = mean duration from accelerometer measured 
and self-report duration; d = mean difference using paired sample t-tests between self-report and 
accelerometry; * = p<.05; ** = p<0.01; *** = p <0.001; N = number of included responses. 
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Table 3.13 Construct validity and paired-sample t-test for duration spent in 
sedentary behaviour (mins.d-1) 
 N Meand (SD) Mean Diff c Rhoa 
Males   Self-reportΦ AccelerometryΩ              (95%: CI) 
Weekday Sedentaryb  
(Mon-Fri) 
25 247.1 (106.1) 527.7 (95.9) -280.6 (-334.8, -226.4)*** 0.10 
Weekend Sedentaryb 
(Sat or Sun) 
25 539.3 ( 228.5 489.3 ( 88.8) 50.0 (-45.7, 145.7) 0.22 
Daily Sedentaryb  
(Mon-Sun) 
 
20 321.2 (118.3) 513.1 (82.4) -191.9 (-247.8, -136.0)*** 0.30 
Female    
Weekday Sedentaryb  
(Mon-Fri) 
38 263.4 (101.4) 571.3 (84.5) -307.9 (-349.6, -266.3)*** 0.11 
Weekend Sedentaryb  
(Sat or Sun) 
41 516.7 (179.6) 514.8 (59.5) 
 
1.9 (-57.2, 61.1) 0.12 
Daily Sedentaryb  
(Mon-Sun) 
36 324.9 (104.9) 560.1 (61.4) -235.2 (-272.7, -197.6) 0.18 
Overall    
Weekday Sedentaryb  
(Mon-Fri) 
63 256.9 (102.7) 554.0 (91.0) -297.1 (-329.4, -264.8)*** 0.13 
Weekend Sedentaryb  
(Sat or Sun) 
66 525.3 (198.1) 505.1 (72.4) 20.1 (-30.3, 70.5) 0.16 
Daly Sedentaryb 
(Mon-Sun) 
56 323.6 (108.8) 543.3 (72.5) -219.7 (-250.5, -188.9)*** 0.27* 
SRΦ = self-reported time spent in sedentary derived from the CAPANS-PA questionnaire; ACCΩ = 
Accelerometry measured time spent in sedentary; a Spearman rho correlation and significance level; b 
= sedentary time duration; c mean duration and significant difference from accelerometer measured 
and self-report duration using paired sample t-tests,*p<.05, **p<0.01, N = number of respondents for 
the question item. 
 
3.5 Discussion 
This study is the first to examine the reliability and construct validity of a self-report 
physical activity and sedentary behaviour questionnaire among Chinese-Australian 
youth.  The results suggest that the CAPANS-PA instrument provides reliable 
estimates of type, frequency and duration of weekly MVPA (Mon-Sun) participation; 
with duration of weekly sedentary behaviour being reliable for female participants 
only and specific categories of sedentary behaviour.  The results of the validity study 
indicate that the CAPANS-PA questionnaire generally has poor agreement with 
accelerometry for daily MVPA participation but moderate agreement with daily 
sedentary behaviour overall.  However, the observed correlations between self-
reported duration and accelerometry are within range of existing instruments that 
assess duration of MVPA (159, 178) and sedentary behaviour among youth.(161) The 
non-overlapping recall period and analyses of self-reported sedentary behaviour 
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outside of school hours are important limitations to consider when interpreting these 
findings. 
3.5.1 Test-retest reliability of the CAPANS-PA questionnaire (Study 1) 
Study 1 sought to examine the reliability of the CAPANS-PA questionnaire in 
evaluating type, frequency and duration of physical activity and sedentary behaviour 
conducted over the previous 7-days.  The results indicate that the questionnaire was 
reliable for type of physical activity participation with the majority of items having 
substantial agreement between questionnaire administrations.  Reported total 
frequency and duration of participation varied widely in reliability across weekly, 
weekday and weekend MVPA between genders.  Males typically had lower 
reliability coefficients compared to females for duration and frequency of MVPA.  
However, the questionnaire provided reliable estimates for frequency and duration of 
weekly MVPA overall.  Similar findings were observed for duration spent in 
sedentary behaviour with the reliability of weekly, weekday and weekend 
participation varying between genders and sedentary behaviour categories. 
 
Compared to weekday (Mon-Fri) MVPA participation, reliability of weekend 
(Sunday) MVPA was not stable.  No acceptable ICC coefficients were observed for 
frequency or duration spent in MVPA for males, females or overall.  Since no 
significant Time 1 to Time 2 differences were observed in frequency or duration 
spent in Sunday MVPA, it appears that reporting of this behaviour is not stable.  
These findings are similar to those observed in the 3-Day Physical Activity Recall 
validation study among Singaporean adolescents, where ICC’s were higher for 
weekday activity (Mon ICC = 0.91 and Tue ICC = 0.83) compared to weekend (Sun 
ICC = 0.74) activity.(221) Gender differences in reliability were also evident with 
frequency and duration of weekly MVPA participation being higher for females 
compared to males.  Importantly, this study revealed that frequency of MVPA was 
not reliable for weekly, weekday or weekend participation among males. In theory 
this finding may relate to females having to recall less physical activity participation 
overall, as males typically engage in more MVPA than females,(193, 195) which was 
evident in our study with males having a significantly higher mean frequency and 
duration of weekly MVPA than females (p <0.05).   
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Among this sample of Chinese-Australian adolescents, the reliability of the 
CAPANS-PA questionnaire was higher than the reliability results observed among 
younger children for the CLASS and CLASS-C instrument,(219, 234) upon which the 
CAPANS-PA questionnaire is heavily based.  In the Melbourne CLASS validation 
study, reliability of frequency and duration of weekly MVPA participation among 
10-12 year olds was higher for frequency (ICC = 0.36) than duration (ICC = 0.24) 
(234) but lower than the Hong Kong CLASS-C validation (Duration ICC = 0.71) (219) 
among all participants. The higher reliability results in the current study (Frequency 
ICC = 0.86; Duration ICC = 0.78) compared to the CLASS and CLASS-C studies for 
weekly MVPA  may partially be explained by the older age range of participants in 
this study, as age is associated with the recall and cognitive ability of participants.(245)  
In addition, the change of recall period from ‘usual activity’ in the CLASS 
questionnaire to ‘last 7-days’ in the present CAPANS-PA questionnaire may have 
influenced results.  The CLASS-C questionnaire also used a ‘last week’ recall period 
and observed higher reliability coefficients compared to the CLASS questionnaire 
which may relate to the change in recall period, cultural differences in the 
conceptualisations of physical activity constructs, ability of the questionnaire to 
capture the predominant activities performed by participants,(200, 225) as well as 
differences in the stability of physical activity behaviours among different 
populations. It is also believed the CLASS-C questionnaire also used a non-
overlapping 7-day retest protocol which is identical to the protocol used in the 
present study.   
 
The stability of school based and non-school based activities revealed a similar 
pattern with females typically having higher reliability coefficients compared to 
males. The exception being reliability of recess and lunch-time physical activity, 
which was higher among males compared to females.  This finding is likely to reflect 
that fact that males indicated on average that they ‘Ran or played a little bit’ at recess 
and lunch, compared to females who on average indicated they ‘Stood around or 
walked around’ at recess or lunch. Stability of these items may reflect the higher 
intensity of physical activity which may be easier to recall, as non-exertive activities 
are unlikely to be noted as memorable activities.  However, intra-individual variation 
was evident for activity at lunch among females which likely accounts for the lower 
observed ICCs for this variable.  As these questions predominantly derive from the 
PAQ-A (227) and PAQ-C (228) questionnaires, however, direct comparisons are not 
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possible due to differences in the interpretation of questionnaire results.  In the PAQ-
C questionnaire, a score ranging from 1 to 5 is generated from responses to 9 items, 
which includes an physical activity checklist and test-retest reliability of school and 
non-school based physical activity was performed on the composite score.(228)  
However, the results indicate acceptable test-retest reliability for several items, 
especially among females among this sample of Chinese-Australian adolescents.  
 
Reported participation in weekly sedentary behaviour was only acceptable among 
females (ICC = 0.83), with males (ICC = 0.42) and the overall population (ICC = 
0.64) having undesirably low reliability coefficients. Compared to the ASAQ, 
CLASS-C and the Dutch Activity Questionnaire for Adults and Adolescents 
(AQuAA) validations, the results for duration in weekly sedentary behaviour are 
comparable.  Weekly duration in sedentary behaviour ranged from ICC =  0.57- 0.86 
in the ASAQ (11-15y),(236) ICC = 0.69 in the CLASS-C (9-12y),(219) and ICC = 0.57 
in the AQuAA (13-15y)(246) validations.  However, when sedentary behaviours were 
split into like categories based on the ASAQ,(236) the stability of  specific behaviours 
was much stronger in this study.  For instance, the summation of weekday sedentary 
behaviours revealed low ICC’s overall (ICC = 0.43), but when examined in more 
detail, acceptable reliability was observed for small screen recreation and total 
cultural activities.  In contrast, total social activities and total education sedentary 
behaviour categories were not reliable across the weekday for any participant, 
regardless of gender.  This difference may relate to an increased ability to recall time 
spent watching TV, playing computer games and cultural activities as memory can 
be prompted by a favourite regular TV show, computer game or attendance at regular 
cultural activity.  These findings suggest that these items are not stable over time as 
no significant intra-individual variation was evident.   
3.5.2 Construct validity of the CAPANS-PA questionnaire (Study 2) 
Study 2 examined the construct validity of self-reported time spent in MVPA and 
sedentary behaviour compared to accelerometry derived participation (mins.d-1).  The 
results demonstrate that the physical activity checklist did not provide valid estimates 
of average daily, weekday or weekend MVPA compared to accelerometry, regardless 
of gender.  Additionally, the sedentary behaviour checklist was only valid for daily 
sedentary behaviour overall and not among gender sub-groups.  Whilst the observed 
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validity correlations were low, they are consistent with previous findings among 
youth.(159, 161, 178) (Table 3.1 and 3.2) 
 
Mean duration of self-reported MVPA during the week and on weekends was 
consistently and significantly higher than that measured by accelerometry, regardless 
of gender (P<0.05).  Unsurprisingly, low validity correlations were identified for 
daily self-reported MVPA (mins.d-1) (Overall ρ = 0.07; Males ρ = 0.08 and Females 
ρ = 0.04).  This finding is commonly observed when using self-report recall 
instruments as physical activity participation is typically over-reported among 
youth.(159)  Another possible explanation is the distinct recall period captured by the 
accelerometer and CAPANS-PA questionnaire.  The two different monitoring 
periods may have contributed to the low validity correlations as physical activity 
behaviours between these two time periods may be independent and represent actual 
variation in physical activity participation.  In addition, accelerometers capture light-
intensity activity (e.g. climbing stairs, walking to different classrooms) which are not 
likely to be reported by participants but contribute to total physical.  Therefore, it is 
recommended that future investigations examine the validity of the CAPANS-PA 
questionnaire using an identical monitoring period and contribution of light-intensity 
physical activity (where possible) to examine the construct validity of the 
questionnaire. 
 
Compared to the CLASS and CLASS-C validations, correlations between self-
reported duration and accelerometry measured duration in daily MVPA (mins.d-1) 
was higher in the present study compared to the CLASS study (Overall r = -0.04),(234) 
but lower than the CLASS-C validation (Males r = 0.27 and Females r = 0.48).(219)  
Similar to the observed differences in reliability of frequency and duration of MVPA 
with the CLASS and CLASS-C validations, differences in included age range, 
changes to the questionnaire recall period and differences between populations may 
help explain the observed results.  For example, physical activity behaviour is likely 
to vary between Chinese youth in Hong Kong compared to Chinese youth in 
Australia due to differences in the policy, physical and social environment.  
Therefore, differences in validity may relate to the ability of the questionnaire to 
accurately capture the activities conducted as well as differences in the interpretation 
of physical activity constructs.(200, 225)  
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Self-reported duration in sedentary behaviour correlated more strongly with 
accelerometry than duration spent in MVPA, which is in contrast to the CLASS-C 
validation where MVPA correlated more strongly with accelerometry.(219) The 
strength of correlations was also higher for weekend sedentary behaviour than 
weekday, which is likely to reflect the reporting of sedentary behaviour outside of 
school hours.  This finding was reflected in the lower reported participation during 
the week compared to accelerometry (P<0.001), which was not evident for weekend 
sedentary behaviour.  Despite this limitation in recall period, the questionnaire 
provided moderately accurate estimates of daily sedentary behaviour (Overall ρ = 
0.27) among Chinese-Australian youth. 
 
When compared to the recent systematic review by Lubans et al., 2011 only 3 studies 
had examined the criterion validity of a self-report sedentary behaviour measure 
against an objective measure, with only one of these studies being conducted among 
school-aged children.(161) The validity of the ASAQ was contrasted with 
accelerometry among 172 female adolescents aged 12-15y in New South Wales, 
Australia.(190)  The ASAQ examined out of school hours sedentary behaviour and 
was correlated with accelerometry (whole-day vs. out of school hours accelerometry 
was not  identified) and found the mean difference between self-report and 
accelerometry measured sedentary behaviour was -3.2hrs.week-1 with the limits of 
agreement ranging from -26.5 to 20.1 hrs.wk-1.(190)  In the present study the mean 
difference between self-reported and accelerometry measured sedentary behaviour 
was -3.7 hrs.week-1, which is almost identical to the ASAQ.   When compared to the 
CLASS-C validation, higher validity correlations between self-report and 
accelerometry derived mins.week-1 were observed in the present study  (Females ρ = 
0.18 and Males ρ = 0.30) compared to the CLASS-C validation (Females  r = 0.25 
and Males r = 0.06).(219)  Again, differences in age range, study population and 
typical sedentary behaviours between the study population may explain these 
differences.  However, an important difference is the capturing of whole-day 
sedentary behaviour in the CLASS-C questionnaire compared to out of school hours 
in the CAPANS-PA questionnaire, which would have influenced the observed 
correlations.  Given the absence of a range of sedentary behaviour questionnaires that 
have been criterion or construct validity tested among youth,(161) this study provides 
the first known investigation among CALD youth. 
 
 - 133 - 
3.5.3 Limitations and strengths 
Study 1 and Study 2 are believed to be the first studies to examine the reliability and 
validity properties of a self-report physical activity and sedentary behaviour 
questionnaire among an Asian sub-population in Australia.  Prior to this study it was 
not known whether recruiting Chinese-Australian participants through Chinese-
weekend cultural schools would be successful, however, 82% of participants 
recruited in Study 1were Chinese-Australian.  Another major strength of study 1 was 
the successful engagement of Chinese weekend cultural schools and Principals which 
enabled for future recruitment of other Chinese-weekend cultural schools in Study 2 
and the CAAHS (discussed in Chapters 5 to 8). 
 
Several important limitations should be considered when interpreting the findings 
from both Study 1 and Study 2.  Firstly, the use of a convenience sample in Study 1 
may influence the generalizability of the reliability results, however, this was deemed 
necessary to recruit sufficient numbers of Chinese-Australian youth.  In addition, the 
low response rate and sample size in both Study 1 and Study 2 introduces selection 
bias and may under or over-estimate the results if applied in a wider population.  A 
low response rate among CALD populations is not unexpected, as this is widely 
reported in health-related research (247-250) as well as a global down-turn in 
epidemiological study participation.(247)  It is also pertinent to note that the reporting 
of response rates is not common among questionnaire validation studies (e.g.CLASS, 
CLASS-C, AQuAA, PAQ-C, 3-Day Physical Activity Recall and ASAQ).(219, 221, 228, 
234, 236, 246)  Therefore, the low response rate observed in these studies was not 
unexpected and was also declared in the interest of full disclosure.  
 
A considerable limitation of Study 1 was the non-overlapping period of recall during 
the retest period, which may have underestimated the observed reliability 
coefficients.(178)  This is similar to Study 2 where the period of accelerometer 
monitoring was not concurrent with the recall period (Figure 3.1).  This 
methodological design may help explain the low validity correlations with MVPA in 
particular, as behaviour between the two weeks could be have been very different.  
Another consideration is the proposed higher moderate-intensity physical activity 
cut-points for adolescents (4.0-5.9 METs)(251).  The higher moderate-intensity cut-
points may have influenced the observed correlations with MVPA participation.  
However, the accelerometer cut-points applied in this study covered the same MET 
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range for moderate-intensity physical activity (≥ 3-5.9METs)(174) as those used to 
assign energy costs of self-reported activity based on the compendium of energy 
expenditures for youth (≥ 3-5.9METs).(235)   Finally, the moderate validity 
correlations between self-reported and objectively measured sedentary time are likely 
to relate to the out of school hours recall period of the CAPANS-PA questionnaire, 
had an identical monitoring period been captured, it would be expected that these 
correlations would have been higher.  Despite the low response rates, non-
overlapping recall and monitoring period and use of a convenience sample the above 
reliability and validity results provide the first investigations into the psychometric 
properties of a self-report recall questionnaire among an Asian sub-population in 
Australia.  
 
3.6 Conclusion 
In conclusion, the results from Study 1 demonstrated that the CAPANS-PA 
questionnaire is generally reliable for assessing type, frequency and duration of 
weekly MVPA (Mon-Sun) participation among Chinese-Australian youth.  In 
addition, duration spent in weekly sedentary behaviour was reliable for females and 
several sedentary behaviour categories.  In relation to validity, the CAPANS-PA 
questionnaire was not a valid measure for assessing duration spent in average daily 
MVPA (Mon-Sun), however, the validity of average daily sedentary behaviour 
overall was acceptable.  This study is believed to be the first study to have 
investigated the basic health-enhancing behaviours among Chinese-Australian youth 
and examine the psychometric properties of a physical activity and sedentary 
behaviour recall questionnaire among Asian-Australian youth. 
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Chapter 4.  Reliability and validity of a self-report 
questionnaire examining potential psychological and 
social correlates of physical activity participation 
among Chinese-Australian youth 
4.1 Introduction  
The examination of the influences on physical activity participation has typically 
involved the application of psychosocial theoretical models (e.g. theory of reasoned 
action and planned behaviour, social cognitive theory, transtheoretical model).(54, 252)  
More recently, ecological models have been applied in physical activity research to 
guide the development of population-wide behaviour change interventions,(55) such 
as the Ecological Model of Four Domains of Active Living which was presented in 
Chapter 2.(1)  Central to the ecological model is the interrelated influence of the 
policy and physical environment on physical activity as well as social and 
psychological influences.(55) There are various ecological models which have been 
developed for furthering the understanding of physical activity participation (1, 136, 137, 
253, 254) and for guiding intervention design, however, all highlight the interrelated 
influences on physical activity participation. 
 
To date, several reviews have used an ecological approach to synthesise the available 
evidence on the influences or correlates of physical activity participation among 
children and adolescents.(193-196, 255)  Typically, these reviews focussed on five 
categories of influence (demographic and biological, psychological, behavioural, and 
social and physical environmental) with the policy environment omitted.(193-195)  
However, relatively few studies have investigated the psychological and social 
influences on participation among Asian CALD youth.(191, 192, 199, 256) Investigations 
among Asian youth are needed as their physical activity levels have consistently 
been shown to be lower than their non-CALD (predominantly European background) 
peers.(29, 30, 32-34, 36-39)   As outlined in Chapter 2, two studies among Vietnamese-
Australian adolescents found perceived levels of paternal and maternal support for 
physical activity to be lower than their Anglo-Australian counterparts.(191, 192) In 
addition, CALD-specific correlations were observed between self-reported MVPA 
participation and perceived fathers’ help and encouragement among Vietnamese-
Australian boys and maternal co-participation among Vietnamese-Australian girls.  
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However, it was also highlighted in Chapter 2 that the reliability of these constructs 
was not examined among Vietnamese-Australian adolescents specifically, prior to 
implementation.  Therefore, the observed lower participation and perceived lower 
levels of parental support may relate to the ability of the instrument to accurately 
capture the activities conducted and CALD interpretations of physical activity 
constructs.(200)   
 
As with physical activity and sedentary behaviour participation questionnaires, a 
precursor to the research into potential correlates of physical activity is the selection 
of a valid and reliable instrument.  It is through research on correlates that an 
understanding of the influences on physical activity participation may emerge, 
particularly the modifiable components (psychological and social), which may lead 
to more effectively targeted interventions.  Currently, there is a rarity of instruments 
which have been psychometrically tested among Asian youth.  Therefore, this 
chapter focuses on the results of a reliability and validity study which examined the 
internal consistency, test-retest reliability and predictive validity of a self-report 
questionnaire examining potential psychological and social correlates of physical 
activity participation among Chinese-Australian youth.  Prior to the presentation of 
these results, the reliability and validity properties of existing self-report 
questionnaires examining potential psychological and social correlates of physical 
activity among  Asian youth are presented.  
 
4.1.1 Validity and reliability of existing potential correlates 
questionnaires among Asian youth 
There is currently an absence of a review which examines the psychometric 
properties of instruments which examine potential correlates of physical activity 
among youth.  However, Brown, Hume and Chinapaw (2009) examined the 
psychometric properties of instruments investigating potential mediators of physical 
activity in intervention studies among children.(257) In brief, a correlate is statistically 
associated influence on physical activity participation and can act as both a mediator 
and moderator in an intervention study.(258)  In the aforementioned review, a total of 
21 psychological and social mediators were identified as being reliability (internal 
consistency and test-retest reliability) and validity tested (face/logic and construct 
validity), however, the validity properties were often low and reliability properties 
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were more commonly reported than validity properties.(257)  It is therefore important 
that the instruments used to examine potential correlates of participation are 
psychometrically tested before implementation.   
 
There are a small number of potential correlates questionnaires that have been 
validated among Asian youth.(256, 259, 260)  Table 4.1 provides a brief overview of the 
psychological and social influences that have been reliability and/or validity tested 
within these questionnaires.   
 
Table 4.1 Summary of individual items that have been psychometrically tested 
among Asian youth 
Correlate Internal Consistency Test-retest 
reliability 
Construct validity 
Psychological 
 
Factor 
analysis (Y) 
alpha (α) ICC or Kappa Correlation (r) 
Self-efficacy Y(256) (259, 260) 0.75(259) 
0.87(260) 
ICC = 0.82(259) MVPA r = 0.25*(259) 
PA  r = 0.22*(260) 
Enjoyment of PA Y(256)   
Outcome-expectancy Y(256)   
Perceived benefits: 
     Health  
     Appearance 
Y(260) 0.85(260) 
0.62(260) 
0.78(260) 
PA r = 0.28* (260) 
PA r = 0.19* (260) 
PA r =  - 0.12** (260) 
Perceived barrier 
     Time  
     Personal issues 
     Environment 
Y(260) 0.79(260) 
0.69(260) 
0.72(260) 
0.71(260) 
PA r = - 0.27* (260) 
PA r = - 0.13* (260) 
PA r = - 0.35* (260) 
PA r = - 0.19** (260) 
Social 
 
   
Support (Family) Y(256) (259) 0.74(259) ICC = 0.86(259) Screen r = - 0.22* (259) 
Support (peer) Y(256) (259) 0.50(259) ICC = 0.78(259) MVPA r = 0.25*(259) 
Parental role 
modelling 
Y(259)  k = 0.39(259) Screen r = 0.12*(259) 
* = P<0.05; ** = P<0.01; PA = physical activity duration (not described if self-report or objectively 
measured); MVPA = self-reported MVPA duration; Y = Yes; ICC = Intra-class correlation; k  = 
Cohen’s kappa coefficient; and Screen time = self-reported duration in screen time.
In general, all items were subject to some form of factor analytic procedure 
(exploratory or confirmatory factor analysis).  The most commonly examined 
psychological influence was self-efficacy for physical activity.  Self-efficacy was 
shown to have both acceptable internal consistency (α >0.60)(202) and evidence of 
construct validity as significant positive correlations with physical activity 
participation among both Chinese children in Hong Kong aged 9-14y and Taiwanese 
children aged 13-19y.(259, 260)  In addition, the self-efficacy factor had acceptable 
(ICC ≥ 0.70)(211) test-retest reliability among Chinese children,(259) suggesting this 
influence can be investigated appropriately among Asian youth.  Interestingly, the 
correlations between physical activity duration and self-efficacy were similar in 
magnitude in both studies, despite large variation in study design, populations and 
instruments used to capture self-efficacy and measure physical activity.  Apart from 
self-efficacy, perceived benefits from physical activity participation and perceived 
barriers towards participation were examined for internal consistency and construct 
validity among Taiwanese children.(260)  In this study, both influences had acceptable 
internal consistency and evidence of construct validity as perceived benefits was 
positively associated with physical activity participation and perceived barriers 
negatively associated with participation, as was expected.(260) 
 
Support for physical activity was the most commonly examined social support item, 
with internal consistency investigated in two studies among Chinese children(259) and 
Asian-American girls in Grade 6 (12 ± 0.5y) and Grade 8 (14 ± 0.5y) in the US.(256)  
However, the reliability and construct validity of this factor was only examined 
among Chinese children.(259)  In this study, the family support factor had acceptable 
test-retest reliability ,however, the peer support factor had slightly lower than desired 
alpha coefficients (α = 0.50), suggesting heterogeneity within this factor.(259)  
Encouragingly, evidence of construct validity was observed for both factors among 
Chinese children.(259)  These results support the examination of perceived support 
(family and friend) towards physical activity participation among Asian youth.  
 
Internationally, there is only one known study that has examined CALD differences 
in the psychometric properties of items examining correlates of physical activity 
among an Asian and non-CALD population.(256)  The study by Dishman, Dunn, 
Sallis, Vandenberg & Pratt (2010) examined the internal consistency of the Trial of 
Activity for Adolescent Girls questionnaire among a diverse sample of 6778 girls in 
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Grade 6 (12 ± 0.5y) and Grade 8 (14 ± 0.5y) in the US.(256)  The questionnaire 
examined several psychological items (relating to self-efficacy, self-management, 
enjoyment, perceived barriers and outcome-expectancy) and social items ( relating to 
social support) and found CALD differences in the resulting factor structures.  In 
particular, items within the outcome expectancy (Grade 6), social support (Grade 6) 
and perceived barriers (Grade 8) factors did not have acceptable fit among Asian 
girls, but were acceptable among White girls.  Even though the authors note a low 
number of recruited Asian adolescents (N = 285) may have influenced the results of 
the factor analysis,(256) the findings provide some of the only insights into CALD 
differences in internal consistency among Asian youth.  
 
Whilst definitive conclusions are not possible, it is likely that the psychometric 
properties of questionnaires examining potential psychological and social correlates 
of physical activity (especially validity) will vary between CALD and non-CALD 
populations, as seen by Dishman and colleagues.(256)  It is therefore recommended 
that questionnaires be psychometrically tested among specific CALD populations 
prior to their implementation.  This will not only help with the accurate capturing of 
potential correlates of physical activity in the target population, but may also help in 
the design of future interventions.  Therefore, the remainder of this chapter presents 
the findings from a study which examined the internal consistency, test-retest 
reliability and predictive validity of a self-report questionnaire examining potential 
psychological and social correlates of physical activity participation among Chinese-
Australian youth.  
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4.2 Aims 
1) To examine the factor structure, internal consistency and test-retest 
reliability of questionnaire items examining potential psychological and 
social correlates of physical activity among Chinese-Australian youth aged 
11 to 14 years; 
2) To examine the predictive validity of questionnaire items examining 
potential psychological and  social correlates of physical activity among 
Chinese-Australian youth aged 12 to 16 years; and 
3) To identify any gender differences in test-retest reliability and predictive 
validity of questionnaire items examining potential psychological and 
social correlates of physical activity among Chinese-Australian youth aged 
12 to16 years. 
 
4.3 Methods 
4.3.1 Methods for Study 3. Internal consistency, test-retest reliability 
and predictive validity of the CAPANS-BA questionnaire 
Sample and recruitment 
The same participants recruited in the test-retest reliability study of the CAPANS-PA 
questionnaire (Study 1, Chapter 3.3.3) were involved in the present study.  In brief, 
two schools from a convenience sample of three Chinese-weekend cultural schools in 
eastern metropolitan Melbourne agreed to participate. All students in Chinese 
language levels 7 and 8 who were aged between 11-16 years were invited into the 
study. A total of 106 students returned a signed consent form and participated in 
Time 1 testing (21% response rate) out of 505 invited students. A total of 77 
participants completed follow-up reliability testing of the survey as 29 students were 
away at Time 2 resulting in a retention rate of 73% of the original sample. Prior to 
conducting this study, ethical approval was sought and granted from the Victorian 
Department of Education and Early Childhood Development and Deakin 
University’s Faculty of Health Human Ethics Advisory Group.  Informed consent 
was obtained via the plain language statement and consent form which was signed by 
both the student and one of their parents/guardians and was a requirement of 
participation.  A copy of the plain language statement and consent form is presented 
in Appendix 3. 
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Instrument selection 
As outlined in Chapter 3, the Western Australian Child and Adolescent Physical 
Activity and Nutrition Survey (CAPANS) for Years 8, 10 and 11 students was 
selected as the questionnaire to be used in the primary study (Chapter 5-8).  The 
CAPANS questionnaire was developed using items from several existing 
questionnaires including the CLASS Survey,(214) the Physical Activity Questionnaire 
for Adolescents,(227) Physical Activity Questionnaire for Older Children (PAQ-
C),(228) the APARQ,(229) the 1985 Australian Health and Fitness Survey (AHFS)(230) 
and the Self-Administered Activity Checklist.(231)  The original self-report 
questionnaire items surrounding perceived barriers to physical activity participation 
and health-related knowledge were selected for inclusion into the modified 
CAPANS-BA instrument. Several additional items were also developed and included 
based on their hypothesised relationship with physical activity using an ecological 
model.(55) The full description of the final questionnaire and development is detailed 
in the measures section below.  
 
Measures 
The CAPANS-BA questionnaire 
All 25-items from the CAPANS questionnaire for Years 8, 10 and 11 which 
examined potential psychological and social and correlates of physical activity as 
well as health-related knowledge were included in the modified CAPANS-BA 
questionnaire. These questionnaire items originally derived from the CLASS 
questionnaire(261) and the 1997 NSW Schools Fitness and Physical Activity 
Survey.(229) A further 12-items were developed specifically for this study and were 
generated based on their hypothesised relationship with physical activity using an 
ecological approach (55) and the findings of previous research.(50, 191, 192) In total, the 
CAPANS-BA questionnaire contained two questions comprising of 37-statements 
which encouraged or inhibited physical activity participation. Responses were 
provided on a 6-point likert scale (Strongly Agree, Agree, Neither, Disagree, 
Strongly Disagree, and Don’t Know). A copy of the final CAPANS-BA 
questionnaire and detailed description of items within the questionnaire (including 
reliability and validity properties where possible) is available in (Appendix 7 & 8).  
A brief description of the 37 statements and positioning within an ecological model 
of physical activity(55) is presented below. 
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Section 1. (Items 1-25) Psychological and social influences 
Items 1-14 asked participants to indicate how strongly they felt about each statement 
and included items regarding the participants’ attitudes, intentions, self-perceptions, 
perceived barriers, perceived athletic competence, and preference for sedentary 
activity in relation to physical activity participation. Several of these items have 
previously been reliability tested, albeit slightly modified wording,  among children 
aged 10-12y in metropolitan Melbourne in the CLASS 7-day test-retest reliability 
study.(261) Test-retest reliability coefficients of  these previous item versions ranged 
from (κ = 0.30-0.58) as outlined in Appendix 7.(261)   
 
Eleven items (15-25) were newly developed for Section 1 and were based on the 
hypothesised relationship with physical activity using an ecological approach and the 
findings of Wilson & Dollman.(191, 192) In these two studies, it was found that 
Vietnamese-Australian adolescents had differing correlates to physical activity 
compared to Anglo-Australian adolescents, particularly parental social support. The 
first nine new items asked participants to indicate how strongly they felt their friends 
wanted to do physical activity with them and how much their mother and father 
encouraged, helped and modelled high amounts of physical activity. It was 
hypothesised that youth who perceive greater amounts of parental or friend support 
would engage in higher amounts of physical activity compared with those who have 
lower support. Two further items were also developed and asked participants to 
indicate how strongly they felt that their mother and father viewed education/study to 
be more important than physical activity.  These two items were created in response 
to the finding that parents of adolescents from an Asian background in Australia 
provide a strong role in the motivation for high academic performance.(50) It was 
hypothesised that youth who felt that their parents view education/study as more 
important than physical activity would engage in lower amounts of physical activity. 
 
Section 2. (Items 26-37) Psychological influences 
Items 26-37 asked participants to indicate how much they agreed with each statement 
in relation to being physically active over the next year.  These items predominantly 
related to a perceived benefit of physical activity (e.g. healthy, appearance, feel good, 
make friends). One new item was developed and asked participants how much they 
felt that being physically active would prevent them from doing homework/study. 
This item was created in response to the above finding by Dandy & Nettelbeck 
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(2002) in relation to academic performance.(50) It was hypothesised that youth who 
felt that engaging in physical activity over the next year would prevent them from 
doing homework/study would engage in lower amounts of physical activity.  
 
The CAPANS-PA questionnaire 
The results from the CAPANS-PA questionnaire (Study 1) were used in the present 
investigation (Study 3) to examine construct validity. Please see Chapter 3.3.3 for a 
full description of the measures used in the CAPANS-PA questionnaire.  In brief, 
test-retest reliability of  self-reported duration spent in total  MVPA Mon-Sun 
(mins.wk-1) was high (ICC = 0.78, P<0.01), however, weakly associated with 
average duration spent in weekly Mon-Sun MVPA (mins.d-1) measured by 
accelerometry (ρ = 0.07, not significant). 
 
Procedure 
The procedure for Study 3 is identical to that used in Study 1 (Chapter 3.3.3). In 
brief, data collection occurred between May and August 2009 and participants 
completed the CAPANS-BA questionnaire twice, 7-days apart, along with the 
physical activity and sedentary behaviour participation questionnaire (CAPANS-
PA).  All data was collected by the candidate with assistance from trained volunteer 
data collectors.  Training of volunteer data collectors was conducted by the candidate 
to ensure all administration procedures were consistent for all students, as outlined in 
Chapter 3.3.3. At the conclusion of the second questionnaire administration, students 
received a ‘hacky sack’ game and a recyclable bag containing three Australian 
government brochures pertaining to healthy eating and regular physical activity. The 
candidate led all components of the study and only used trained volunteer data 
collectors to assist with the in-class questionnaire administration (15 mins) if two or 
more classrooms were being examined at the same time. For an in-depth description 
and overview please see Chapter 3, section 3.3.3. 
 
Data management 
Completed CAPANS-BA questionnaires were hand screened for errors and entered 
into SPSS Statistics Version 17.0 for analysis. A total of 10% of the questionnaires 
were re-entered via random selection. No significant differences were observed 
between the two entries and any errors were corrected using the original document 
The response option ‘Don’t Know’ was coded as missing in the CAPANS-BA 
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questionnaire to enable the responses to be analysed in an interval manner. In 
addition, several statements were reversely coded so that a higher value indicated a 
positive effect on physical activity participation (Items 1, 16, 17, 26-30, 32-36). Only 
participants with completed questionnaire data on two occasions were included in the 
test-retest reliability analyses (N = 77), all other analyses typically included 104-106 
participants, of an available 106 participants with Time 1 data.   
 
The data management for the CAPANS-PA questionnaire is outlined in Chapter 
3.3.3. For the purposes of this study only two variables were utilised from the 
CAPANS-PA survey which was self-reported duration spent in weekly MVPA 
(Mon-Sun) and ethnicity. Please see Chapter 3.3.3 for a detailed description of the 
management of these items.  
 
Statistical analysis 
The underlying structure of the CAPANS-BA questionnaire was examined by 
conducting an exploratory factor analysis using the Principal component extraction 
method with oblimin rotation (with Kaiser normalisation). The responses to all items 
were submitted to two separate factor analytic procedures according to the broad 
concepts covered by these items (e.g. reported influences on physical activity 
participation and benefits of being physically activity).  A factor was considered 
present if it met three conditions: 1) a clear structure was evident after rotation;(262) 2) 
it had two or more items that loaded on it and each item within the  factor had a 
loading > 0.35;(263) and 3) it had an initial Eigen value >1.0.(263) The scree plot and 
initial Eigen values were used to help determine the number of factors to retain in the 
component. A subsequent factor analysis was conducted forcing the correct number 
of factors (identified through the scree plot) to make further assessments of fit. Items 
that loaded across two factors were treated in the following way; 1) if the loading 
across one factor was clearly higher than the second, the lower loading was removed 
and the item remained on the factor with the higher loading, and 2) if an almost equal 
loading was observed across the two factors, the alpha coefficient was used to 
determine which placement resulted in the highest alpha coefficient. 
 
An unweighted and weighted factor score was computed for each factor. The 
unweighted factor score was computed by simply summing each item’s factor 
loading within the specific factor to a grand total.  The weighted factor score was 
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computed by weighting each item within a factor based on the methods described by 
De Vaus (1995).(264)  This weighting takes into account the contribution of each item 
within a factor to the overall factor score and enables comparison across factors. To 
generate the  weighted score, the factor loading of each item was multiplied by the 
item loading score.(264) The internal consistency of each factor was assessed using 
Cronbach’s alpha with evidence of acceptable internal consistency set α >0.60.(202)  
Paired-sample t-tests were conducted to determine whether there were any 
significant participant differences (P<0.05) between Time 1 and Time 2 means on 
survey items.(237) The test-retest reliability of individual items and the identified 
factors were examined using intra-class correlation (ICC) coefficients with 
acceptable reliability defined as an ICC ≥ 0.70.(211)  Test-retest reliability was 
examined for both boys and girls and overall. 
 
Predictive validity was examined using Spearman rank-order correlation coefficient 
(Rho, ρ) between each factor score and self-reported time spent in weekly  MVPA 
(Mon-Sun)(derived from the CAPANS-PA questionnaire).  Predictive validity was 
examined for both boys and girls and overall. 
 
4.4 Results 
4.4.1 Characteristics of participants  
At Time 1, the 106 participants were aged between 11-14y (mean 12 years ± 0.8 
years) with more females (56%) participating than males (44%). The majority of 
participants (83%) were of Chinese ethnicity, with 15% classified as South-East 
Asian and 2% Other. 
4.4.2 Test-retest reliability of individual items 
The test-retest reliability scores of the 25 individual items examining potential 
psychological and social correlates of physical activity are presented in Table 4.2 
using the results from the 77 participants with complete Time 1 and Time 2 data. The 
individual items had ICC’s ranging from 0.42- 0.82, with the majority of items (n= 
15) having acceptable test-retest reliability (ICC ≥ 0.70).(211) Intra-individual 
variation in mean responses was evident between Time 1 and Time 2 for three items, 
with one item (‘Other kids laugh at me when I am physically active’) also failing to 
have acceptable test-retest reliability. No discernible pattern was evident for items 
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that did not have acceptable reliability in relation to whether they were psychological 
or social influences. Importantly, 8/11 newly developed items examining 
psychological and social influences on physical activity participation had acceptable 
test-retest reliability in this population (Items 15-25).   
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Table 4.2Test-retest reliability of individual items from Question.1 
Item     Statement 
No.  
N Meana (SD) Mean Diff b ICCc 
 “How much do you agree with the 
following things?” 
 Time 1 
T1 
Time 2 
T2 
(95%: CI) (95%: CI) 
1. I do a lot of physical activity⌂ 76 2.2 (1.0) 2.1 (0.9) 0.14 
(-0.01, 0.27) 
0.80 
(0.70, 0.87) 
2. I look funny when I am physically 
active 
56 3.7 (1.3) 4.0 (1.1) -0.21 
(-0.44, 0.07) 
0.72 
(0.56, 0.82) 
3. I don't have enough time for PA 72 3.7 (1.0) 3.78 
(1.0) 
-0.06 
(-0.26, 0.15) 
0.63 
(0.47, 0.75) 
4. I prefer to watch TV or play 
electronic games 
67 3.4 (1.1) 3.4 (1.0) 0.03 
(-0.20, 0.26) 
0.61 
(0.44, 0.74) 
5. I don't have anyone to be PA with 75 3.7 (1.3) 3.6 (1.2) 0.07 
(-0.15, 0.29) 
0.70 
(0.56, 0.80) 
6. I don’t like physical activity 76 4.5 (0.8) 4.5 (0.7) 0.03 
(-0.12, 0.17) 
0.65 
(0.49, 0.76) 
7. There are no parks/sporting 
grounds near where I live 
76 4.4 (0.9) 4.4 (0.9) 0.07 
(-0.07, 0.20) 
0.80 
(0.70, 0.87) 
8. Other kids laugh at me when I am 
PA 
71 4.7 (0.5) 4.6 (0.6) 0.14 
(0.01, 0.28)* 
0.45 
(0.25, 0.62) 
9. I don’t think I am very good at 
PA 
72 3.8 (1.0) 3.7 (1.1) 0.14 
(-0.12, 0.40) 
0.44 
(0.23, 0.61) 
10. I have a health problem that 
prevents me from being PA 
76 4.6 (0.8) 4.5 (0.8) 0.07 
(-0.06, 0.19) 
0.73 
(0.61, 0.82) 
11. I have an injury that prevents me 
being PA 
77 4.6 (0.7) 4.5 (0.7) 0.05 
(-0.12, 0.22) 
0.45 
(0.26, 0.61) 
12. I am scared that I might get hurt if 
I played a sport 
73 4.1 (0.9) 4.1 (1.0) 0.11  
(-0.07, 0.29) 
0.70  
(0.56, 0.79) 
13. I don’t have proper clothing or 
shoes to play sport 
76 4.4 (0.9) 4.4 (0.9) 0.04  
(-0.14, 0.22) 
0.61  
(0.44, 0.73) 
14. I don’t like how being PA makes 
me feel (e.g hot, sweaty) 
73 4.0 (1.1) 4.0 (1.0) 0.03  
(-0.15, 0.20) 
0.75  
(0.63, 0.84) 
15. None of my friends want to do 
more exercise or activity with me 
69 4.1 (1.0) 4.0 (1.1) 0.12  
(-0.15, 0.38) 
0.42  
(0.20, 0.59) 
16. Mum does a lot of PA⌂ 69 3.4 (1.2) 3.2 (1.2) 0.25  
(0.04, 0.46)* 
0.72  
(0.58, 0.82) 
17. Dad does a lot of PA⌂ 69 3.0 (1.1) 2.9 (1.1) 0.12  
(-0.11, 0.34) 
0.64  
(0.48, 0.76) 
18. Mum doesn’t encourage me to be 
PA 
72 4.3 (0.9) 4.1 (0.9) 0.13  
(-0.02, 0.27) 
0.77  
(0.66, 0.85) 
19. Dad doesn’t encourage me to be 
PA 
70 4.4 (0.9) 4.2 (1.0) 0.17 
(0.03, 0.31)* 
0.79  
(0.68, 0.86) 
20. Mum doesn’t help me be PA 70 4.2 (1.1) 4.1 (1.0) 0.13  
(-0.03, 0.29) 
0.80  
(0.69, 0.87) 
Table 4.2 is continued over the page 
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Table 4.2 Continued 
Item   Statement 
No. 
N Meana (SD) Mean Diff b ICCc 
 “How much do you agree with 
the following things?” 
 Time 1 
T1 
Time 2 
T2 
(95%: CI) (95%: CI) 
21. Dad doesn’t help me be PA 70 4.2 (1.0) 4.1 (1.0) 0.1  
(-0.05, 0.25) 
0.82 
(0.72, 0.88) 
22. Mum isn’t PA with me 66 3.3 (1.2) 3.3 (1.2) -0.03  
(-0.29, 0.23) 
0.62  
(0.45, 0.75) 
23. Dad isn’t PA with me 66 3.4 (1.2) 3.5 (1.2) -0.15 
(-0.35, 0.04) 
0.78  
(0.66, 0.86) 
24. Mum thinks education is more 
important than PA 
65 2.2 (1.1) 2.2 (1.0) 0.02 
(-0.14, 0.17) 
0.82 
(0.72, 0.88) 
25. Dad thinks education is more 
important than PA 
64 2.4 (1.1) 2.4 (1.1) 0.0 
(-0.20, 0.20) 
0.72 
(0.58, 0.82) 
a = mean and standard deviation; b = mean difference and significance from Time 1 to Time 2 using 
paired-sample t-tests; c = Intra-class correlation and 95% confidence interval; ⌂ = Item has been 
reverse-coded so that a higher score is positively linked with physical activity participation; * p<0.05; 
N = number of respondents for the question item.  
 
Table 4.3 presents the test-retest reliability results of the psychological items related 
to students’ opinions about being physically active over the next year. The ICC 
results ranged from 0.44-0.79, with only 4-items having acceptable test-retest 
reliability. Intra-individual variation in mean scores from Time 1 to Time 2 was 
evident for one item, which also had undesirably low test-retest reliability (‘Make or 
keep me fit’). The items with acceptable test-retest reliability scores generally 
pertained to a perceived benefit of physical activity participation, whilst undesirably 
low items related to a combination of perceived benefits and perceived barriers 
statements.  
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Table 4.3 Test-retest reliability of individual items from Question 2 
Item  Statement 
No. 
N Meana (SD) Mean Diff b ICCc 
 “How much do you agree
with the following things?
Being physically over the
next year might:” 
 
 Time 1 
T1 
Time 2 
T2 
(95%: CI) (95%: CI) 
26. Keep me healthy⌂ 77 4.7 (0.5) 4.7 (0.5) 0.03 (-0.06, 0.12) 0.71 
(0.58, 0.81) 
27. Help me study and learn 
better⌂ 
71 3.9 (1.0) 3.8 (1.0) 0.04 (-0.17, 0.25) 0.57 
(0.39, 0.71) 
28. Improve my appearance⌂ 63 3.9 (1.0) 4.0 (1.0) -0.11 (-0.28, 0.05) 0.79 
(0.68, 0.88) 
29. Make me feel good about 
myself⌂ 
75 4.2 (0.7) 4.3 (0.6) -0.00 (-0.16, 0.13) 0.59 
(0.42, 0.72) 
30. Make or keep me fit⌂ 77 4.7 (0.5) 4.5 (0.5) 0.12 (0.00, 0.23)* 0.44 
(0.24, 0.60) 
31. Prevent me doing other   
things I like more 
66 2.5 (1.1) 2.7 (1.1) -0.17 (-0.45, 0.12) 0.44 
(0.23, 0.62) 
32. Help me lose weight or help 
me control my weight⌂ 
72 3.7 (1.0) 3.8 (1.1) -0.10 (-0.27, 0.08) 0.75 
(0.63, 0.84) 
33. Let me have a lot of fun⌂ 75 4.5 (0.7) 4.4 (0.8) 0.11 (-0.02, 0.24) 0.71 
(0.58, 0.81) 
34. Make my parents/carers 
happy⌂ 
64 3.8 (0.9) 3.8 (0.9) 0.03 (-0.17, 0.24) 0.59 
(0.41, 0.73) 
35. Help me spend time with 
my friends⌂ 
72 3.9 (0.9) 4.0 (0.9) -0.04 (-0.22, 0.13) 0.67 
(0.52, 0.78) 
36. Help me make new friends⌂ 69 4.0 (0.9) 4.1 (0.9) 0.02 (-0.17, 0.20) 0.63 
(0.46, 0.75) 
37. Prevent me from doing 
homework/study 
71 2.8 (1.1) 2.9 (1.2) -0.11 (-0.39, 0.16) 0.53 
(0.34, 0.68) 
a = mean and standard deviation; b = mean difference and significance from Time 1 to Time 2 using 
paired-sample t-tests; c = Intra-class correlation and 95% confidence interval; ⌂ = Item has been 
reverse-coded so that a higher score is positively linked with physical activity participation; * p<0.05; 
N = number of respondents for the question item.  
 
4.4.3 Internal consistency of items 
Psychological and social influences on physical activity participation (Q.1) 
Table 4.4 presents the results of the exploratory factor analysis and internal 
consistency examinations from the 104 participants with complete Time 1 data. A 
five factor structure was evident and factors were named based on the predominant 
level of influence using a social ecological model (e.g. psychological and social) (55) 
and the items within each factor. Five items were removed during the formation of 
factors, three of these items (‘I look funny when I am physically active, ‘I don’t like 
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how being physically active makes me feel’ and ‘I do a lot of physical activity⌂’) 
were removed as an entire factor as the alpha coefficient was considered too low for 
a factor to be present (α < 0.30), even with combinations of individual items 
removed. In addition, the items ‘Mum does a lot of physical activity⌂’ and ‘Dad does 
a lot of physical activity⌂’ were excluded as they affected the entire factor structure 
of the ‘family/friend support’ factor. The item ‘Mum does a lot of physical activity’ 
initially loaded with the first identified factor (‘family/friend support’) but the 
direction of the factor loading was negative, whilst all others were positive, and the 
alpha coefficient was higher (α = 0.82) when excluded, than when then item was 
present  (α = 0.72).  The item ‘Dad does a lot of physical activity’ initially loaded 
with the fifth factor (‘family education beliefs’), however, the alpha coefficient was 
higher when the item was excluded (α = 0.71) compared to when it was included (α = 
0.02). With the above exclusions, all three reverse-coded items were not included in 
the final factor structure (see Table 4.4).  
 
The ‘family/friend support’ factor explained the most variance among all factors 
(23.3%) with the ‘perceived barriers’ factor explaining the second highest amount of 
variance (10.9%). During the initial examination of the second factor, the loading of 
the individual item ‘There are no parks/sporting grounds near where I live’ seemed 
displaced. However, the internal consistency of this factor was checked and the alpha 
coefficient was higher with the item was included (α = 0.67) than when removed (α = 
0.64), and was therefore retained. Overall, the internal consistency results revealed 
all but one factor, ‘preference/attitude’, had acceptable internal consistency (α > 
0.60).(202)  However, this factor was only slightly below the suggested minimum (α = 
0.59) and was therefore retained.   
 
 
 
 
 
Table 4.4 Exploratory factor analysis results for statements (items) in Question1 
Item    Factor 
“How much do you agree with the 
following things?” 
Social- 
Family/friend 
support 
 
 
Psychological- 
Perceived 
barriers 
Social-  
Parental co-
participation/ 
fear 
Psychological
-  Preference/ 
attitude 
 
Social- 
Family 
education 
beliefs 
 
Mum doesn’t encourage me to be PA     .818     
Dad doesn’t help me be PA .778     
Dad doesn’t encourage me to be PA       .754     
Mum doesn’t help me be PA .728     
None of my friends want to do 
more exercise or activity with me 
.583     
I don’t have proper equipment to 
play sport 
.545     
I don't have anyone to be PA with .513     
Others laugh at me when I am PA  .814    
 I have an injury that prevents me being PA .769    
I have a health problem  .708    
I don’t think I am very good at PA  .675    
There are no parks/sporting 
grounds near where I live 
 .499    
I am scared that I might get hurt if I played a 
sport 
 .760   
Mum isn’t  physically active with me  .744   
Dad isn’t physically active with me  .694   
I prefer to watch TV or play electronic games   .780  
I don’t like physical activity    .670  
I don't have enough time for PA    .557  
Dad thinks education is more 
important than PA 
    .833 
Mum thinks education is more 
important than PA 
    .789 
Eigen value 5.83 2.72 2.28 1.89 1.74 
Cronbach's alpha (α)  0.82  0.67  0.73  0.59  0.71 
Percent variance explained (%) 23.33 10.90 9.14 7.58 6.97 
Weighted factor based scale 
scorea (mean & 95% CI) 
18.6  
(17.76, 19.34) 
15.0  
(14.60, 15.39) 
7.4  
(6.94, 7.80) 
        7.3               3.3 
(7.00, 7.63) (2.96, 3.63)  
Unweighted factor based scale 
scoreb (mean & 95% CI) 
27.5 
(26.43, 28.65) 
21.6  
(20.98, 22.11) 
10.05  
(9.45, 10.64) 
11.0 
(10.53, 11.47) 
4.1 
(3.65,4.48)
Note: Principal Component extraction method with Varimax rotation (Kaiser Normalisation); a = 
weighted factor based scale score using the method described by de Vaus; and b = Unweighted factor 
based scale score mean. 
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Psychological influences on physical activity participation (Q.2) 
Table 4.5 displays the results of the exploratory factor analysis conducted on items in 
Question 2 from 104 participants with complete Time 1 data. All items loaded 
successfully across a three factor structure and no items were excluded. Acceptable 
internal consistency was observed for two factors (‘personal benefits’ and ‘positive 
outcome expectation’) with the ‘negative outcome expectation’ factor having slightly 
below the desired internal consistency coefficient (α = 0.56).   
 
Table 4.5 Exploratory factor analysis results for statements (items) in Question.2 
Item 
 
“How much do you agree with the following 
things? Being physically active over the next year 
might:” 
Factor 
Psychological- 
Personal 
benefits 
Psychological- 
Positive 
outcome 
expectations 
 
Psychological- 
Negative 
outcome 
expectations 
Keep me healthy⌂ .606   
Help me study and learn better⌂  .740  
Improve my appearance⌂ .745   
Make me feel good about myself⌂ .767   
Make or keep me fit⌂ .722   
Prevent me doing other things I like more   .791 
Help me lose weight or help me control my 
weight⌂ 
.627   
Let me have a lot of fun⌂ .597   
Make my parents/carers happy⌂  .615  
Help me spend time with my friends⌂  .718  
Help me make new friends⌂  .814  
Prevent me from doing homework/study   .784 
Eigen value 4.13 1.73 1.19 
Cronbach's alpha (α)  0.74 0.75 0.56 
Percent variance explained (%) 34.39 14.42 9.92 
Weighted factor based scale scorea (mean & 
95% CI) 
16.8  
(16.38, 17.31) 
10.31  
(9.74, 10.88) 
4.1  
(3.80-4.50) 
Unweighted factor based scale scoreb (mean & 
95% CI) 
24.8  
(24.16, 25.50) 
14.3  
(13.46, 15.03) 
5.3  
(4.84, 5.73) 
Note: Principal Component extraction method with Varimax rotation (Kaiser Normalisation); a = 
weighted factor based scale score using the method described by de Vaus; b = Unweighted factor 
based scale score mean; and ⌂ = Item has been reversely coded so that a higher score is positively 
linked with physical activity participation. 
 
4.4.4 Test-retest reliability of the identified factors 
Table 4.6 presents the test-retest reliability results of the unweighted eight factor 
structure among the 77 participants with complete Time 1 and Time 2 data.  Overall, 
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acceptable test-retest reliability was evident for two psychological factors (‘personal 
benefits’ and ‘positive outcome expectations’). In addition, the ‘positive outcome 
expectation’ factor had acceptable reliability among males and females.  However, 
gender differences were evident with the ‘family/friend support’, ‘perceived barriers’ 
and ‘parental co-participation/fear’ factors only reliable among males. 
 
Intra-individual variation between factor mean scores from Time 1 to Time 2 was 
evident for the ‘perceived barriers’ factor overall which also had undesirably low 
intra-class correlations. When investigating this finding further and using the results 
from Tables 4.2 and 4.3, it was evident that one item for the perceived barriers factor 
was influencing the overall factor score. The responses for the item ‘Other kids laugh 
at me when I am physically active’ significantly decreased from Time 1 to Time 2, 
which was also reflected in a significant decrease in the overall factor score.   
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Table 4.6  Test-retest reliability of the identified unweighted factors 
 N      Meana (SD) Mean Diff b ICCc 
  Time 1 
T1 
Time 2 
T2 
(95%: CI) (95%: CI) 
Social- Family/friend support 
Overall 77 27.9 (5.9) 27.5 (6.1) 0.34 (-0.66, 1.33) 0.53 (0.28, 0.78) 
Male 38 29.8 (5.6) 29.0 (6.2) 0.84 (-0.42, 2.10) 0.76 (0.55, 0.98) 
Female 39 26.0 (5.6) 26.1 (5.7) -0.02 (-1.73, 1.43) 0.43 (0.05, 0.81) 
Social-Family education beliefs 
Overall 72 4.2 (2.3) 4.6 (1.8) -0.4 (-0.86, 0.14) 0.47 (0.44, 0.73) 
Male 36 4.4 (2.5) 4.7 (2.2) -0.3 (-1.07, 0.46) 0.55 (0.27, 0.74) 
Female 36 4.1 (2.0) 4.5 (1.4) -0.4 (-1.09, 0.25) 0.34 (0.02, 0.60) 
Social- Parental co-participation/ fear 
Overall 76 10.1 (3.3) 10.4 (3.3) -0.2 (-0.82, 0.40) 0.68 (0.54, 0.78) 
Male 37 11.3 (3.1) 11.4 (3.2) -0.8 (-0.73, 0.56) 0.82 (0.67, 0.90 
Female 39 9.0 (3.2) 9.4 (3.0) -0.3 (-1.37, 0.71) 0.48 (0.20, 0.69) 
Psychological- Perceived barriers 
Overall 77 21.8 (2.9) 21.0 (3.7) 0.8 (0.22, 1.32)** 0.68 (0.54, 0. 78) 
Male 38 21.8 (3.0) 21.3 (3.2) 0.5 (-0.19, 1.19) 0.76 (0.59, 0.87) 
Female 39 21.7 (2.9) 20.6 (3.5) 1.0 (0.15, 1.90)** 0.61 (0.37, 0.77) 
Psychological-  Preference/attitude 
Overall 77 11.2 (2.2) 11.2 (2.2) 0.0 (-0.42, 0.47) 0.61 (0.44,  0.73) 
Male 38 11.5 (2.1) 11.5 (2.2) 0.0 (-0.67, 0.73) 0.53 (0.25,  0.72 
Female 39 10.9 (2.2) 10.8 (2.2) 0.0 (-0.56, 0.61) 0.67 (0.45, 0.81) 
Psychological- Personal benefits 
Overall 77 24.9 (3.3) 24.9 (3.7) 0.0 (-0.56, 0.62) 0.73 (0.60, 0.82 
Male 37 25.3 (2.9) 25.2 (3.2) 0.1 (-0.77, 0.88) 0.67 (0.45, 0.81) 
Female 39 24.5 (3.6) 24.5 (4.1) 0.0 (-0.88, 0.88) 0.76 (0.59, 0.87) 
Psychological- Positive outcome expectations 
Overall 77 14.4 (4.0) 14.6 (3.7) -0.2 (-0.80, 0.46) 0.74 (0.62, 0.83) 
Male 38 15.0 (3.6) 14.8 (3.4) 0.1 (-0.76, 0.97) 0.72 (0.53, 0.84) 
Female 39 13.9 (4.4) 14.3 (4.0) -0.4 (-1.38, 0.51) 0.76 (0.59, 0.87 
Psychological- Negative outcome expectation 
Overall 73 5.0 (2.0) 5.5 (2.3) -0.5 (-1.00, 0.06) 0.45 (0.25, 0.61) 
Male 36 4.9 (1.9) 5.6 (2.4) -0.6 (-1.46, 0.18) 0.34 (0.02, 0.60) 
Female 37 5.1 (2.1) 5.4 (2.2) -0.3 (-0.94, 0.40) 0.57 (0.31, 0.75) 
a = mean and standard deviation; b = mean difference and significance from Time 1 to Time 2 using 
paired-sample t-tests; c = Intra-class correlation and 95% confidence interval; ** p<0.01; *** p<0.001; 
and N = number of respondents for the question item.  
 
4.4.5 Predictive validity of the identified factors 
The predictive validity of the identified factors was examined by correlating the 
Time 1 results (N =104) from the eight factor structure with self-reported time spent 
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in weekly MVPA (mins.wk-1) from the CAPANS-PA questionnaire. Table 4.7 
displays results of the Spearman rank-order correlations between each factor and 
reported time spent in weekly (Mon-Sun) MVPA. The unweighted factor score 
revealed only marginal differences in correlations and thus the unweighted 
correlations are discussed herein.   
 
Overall, significant positive associations with MVPA duration were evident for four 
factors (‘family/friend support’, ‘parental co-participation/fear’, ‘preference/attitude’ 
and ‘positive outcome expectations’). Gender differences in predictive validity were 
also evident with females having one significant correlation with MVPA duration 
(‘preference/attitude’) in contrast to males for whom three factors had significant 
correlations (‘family/ friend support’, ‘parental co-participation/ fear’ and 
‘preference/attitude’).  
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Table 4.7  Spearman correlations between the factor structure and self-reported 
mins.wk-1 spent in weekly MVPA 
Factor structure  Spearman rank-order 
correlations (Rho, ρ) 
  Overall 
(N = 104) 
Males 
 (N = 46) 
Females 
(N = 58) 
 
Social- Family/ friend support 
                                                        
Weighteda 
Unweightedb 
0.40**   
0.40** 
0.47**  
0.47** 
0.20 
0.20 
Social-  Family education beliefs    
 
Weighteda 
Unweightedb 
 0.08     
 0.08   
0.11 
0.08 
0.07 
0.09  
Social- Parental co-participation/ 
fear 
Weighteda 
Unweightedb 
0.25* 
  0.24* 
0.35* 
0.34* 
0.09 
0.08 
Psychological- Perceived barriers Weighteda 
Unweightedb 
 0.15 
0.19     
0.18 
0.20 
0.08 
0.14 
Psychological- Preference/ attitude Weighteda 
Unweightedb 
0.49***  
0.49***    
0.45 **  
0.45 **  
0.45**  
0.47*** 
Psychological- Personal benefits 
 
Weighteda 
Unweightedb 
 0.15   
 0.16    
-0.07 
-0.06  
0.20 
0.27 
Psychological- Positive outcome     
expectations 
Weighteda 
Unweightedb 
 0.25*  
 0.27**    
0.25 
0.27  
0.14 
0.18 
Psychological- Negative outcome 
expectations 
Weighteda 
Unweightedb 
  -0.07   
  -0.07    
-0.13  
-0.14 
-0.01 
-0.03 
Rho = Spearman rho; *p<.05; **p<0.01; a = Weighted factor based scale score mean for 
analysis; and b = Unweighted factor based scale score mean for analysis. 
 
4.5 Discussion 
This is the first study to examine the internal consistency, test-retest reliability, and 
predictive validity of a questionnaire examining potential psychological and social 
correlates of physical activity participation among Chinese-Australian youths. In 
general, the majority of individual items had acceptable test-retest reliability with the 
exploratory factor analysis revealed an eight factor structure.  In addition, several 
factors were shown to have acceptable test-retest reliability and evidence of 
predictive validity in this population.   Based on the findings of this study, the items 
within the CAPANS-BA questionnaire typically provide reliable estimates of 
psychological and social influences on physical activity participation and may prove 
to be a useful instrument when applied among similar Asian-Australian populations. 
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4.5.1 Perceived correlates of physical activity  
In this study, 37-items investigated perceived influences on and barriers to physical 
activity participation among Chinese-Australian youths (e.g. perceived benefits, 
barriers, attitude, enjoyment etc). At an individual level, nineteen items had 
acceptable test-retest reliability and related to physical activity intention, self-
perception, body attractiveness, fun, weight maintenance, parental activity (father 
only), social support and perceived benefits and barriers of physical activity 
participation. The exploratory factor analyses revealed eight underlying factors 
(‘family/friend support’, ‘perceived barriers’, ‘ parental co-participation/fear, 
‘preference/attitude’, ‘family education beliefs’, ‘personal benefits’, ‘positive 
outcome expectations’, and ‘negative outcome expectations’) with all having 
acceptable internal consistency (α >0.60).(202) except for the ‘negative outcome 
expectation’ factor which was slightly under (α = 0.56). Overall, acceptable test-
retest reliability was observed for the ‘personal benefits’ and ‘positive outcome 
expectation’ factors if using the criteria of ICC ≥ 0.70, however, a lower cut-point for 
test-retest reliability has previously been defined (ICC ≥ 0.60).(257)  If this criteria 
were applied the ‘parental co-participation/fear’, ‘perceived barriers’ factor’ and the 
‘preference/attitude’ factor would have acceptable test-retest reliability overall.  
Therefore, the majority of factors 5/8 would be considered to have acceptable 
internal consistency and test-retest reliability.  Evidence of predictive validity was 
observed for half of the factors with the weighted and unweighted factor-based 
scores being positively correlated to self-reported duration spent in weekly MVPA 
(P<0.05).  
 
In this population of Chinese-Australian youth, gender differences in test-retest 
reliability and predictive validity were observed for several factors.  In particular, the 
‘family/friend support’ and ‘parental co-participation/fear’ factors were shown to 
have acceptable test-retest reliability and significant predictive validity correlations 
among males, but not females.  This gender difference among females suggests poor 
stability of these items as no significant difference in Time 1 and Time 2 means was 
observed, in addition to a diminished importance of these items in predicting 
physical activity participation among Chinese-Australian females. This finding is in 
contrast to the findings of Wilson & Dollman (2009), who observed that parental co-
participation and fathers’ help was positively predicted physical activity participation 
among female Vietnamese-Australian adolescents.(192)  However, given that males 
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had higher mean scores for both factors compared to females in this study, the 
observed finding could hypothetically relate to the fact that males engage in more 
physical activity than females,(193) and therefore perceive more amounts of social 
support which is subsequently correlated with participation. Alternatively, sub-
components of social support may simply vary between Chinese-Australian males 
and females. 
 
Whilst it is inappropriate to directly compare the results from the present study to 
previous research, due to the wide variation in applied methodology (especially 
specific questionnaire items), general comparisons with the current study are more 
appropriate. Table 4.1 presented the reliability and validity results of previous items 
that have been examined among Asian youth.  When compared to the correlates of 
physical activity participation questionnaire among Taiwanese adolescents, the 
results were mixed.(260) Among Taiwanese adolescents, a three factor structure was 
evident for the perceived benefits (health and appearance) and perceived barrier 
items (time constraints, lack of facilities, and personal issues) with all factors 
significantly correlating to physical activity participation (r = -0.13 to 0.28).(260) In 
the present study, a ‘personal benefits’ and ‘perceived barriers’ factor emerged and 
similarly related to perceived health/appearance benefits and perceived personal 
barrier concepts. In addition, both factors had acceptable internal consistency as did 
the Taiwanese factors, however, the validity correlations were not significant in the 
present study for the ‘personal benefits’ and ‘perceived barriers’ factors. A wide 
variation in methodology between the two studies may explain some of the observed 
differences (e.g. the questionnaire statements and stems, scoring options and 
population-specific differences).   However, it is likely that the low sample size in 
the present study affected the observed factor structure. In the wider literature, 
various specifications for generating sample sizes for factor analyses have been 
proposed including a general rule of a minimum number of participants (e.g. 300), or 
specifying a minimum number of participants as a function of the number of 
variables and response items (e.g. a ratio of 4 subjects for every variable and 
response option) or specifying an absolute number.(265)  In contrast, MacCallum, 
Widaman, Preacher & Hong (2001) demonstrated that if the communalities of a 
factor (amount of variance accounted for by the factor) was high e.g. 0.70, then the 
generalizability of the factor structure to the population from which the sample is 
drawn is usually very good regardless of the sample size.(265)  In this study the 
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communalities of each factor was low, ranging from 0.23 to 0.91 among all 
variables.  It is therefore recommended that a larger sample size be included in a 
confirmatory factor analysis among Chinese-Australian youths. 
 
When compared to the psychosocial and environmental correlates questionnaire 
which was validated among Hong Kong Chinese youth, the current study had mixed 
results in relation to support for physical activity.(259)  Among Hong Kong Chinese 
youth, family support was negatively associated with self-reported screen time and 
peer support was positively associated with self-reported MVPA participation, with 
both factors having acceptable test-retest reliability (ICC ≥ 0.70).(211)  In the current 
study, the ‘family/friend support’ factor did not have acceptable ICC’s overall but 
was positively (and significantly) correlated with MVPA participation.  These 
differences are likely to be resultant of the combination of both family and friend 
support items in the present study, in addition to sample size and questionnaire item 
differences between studies.  However, as discussed above the ‘family/friend support 
factor had both acceptable test-retest reliability and evidence of predictive validity 
among Chinese-Australian adolescents.   
 
Of particular interest in this study was the development of two new items that 
investigated perceptions’ of parental education beliefs.  These two items ‘Mum/Dad 
thinks education/study is more important than physical activity’ were created in 
response to the literature that demonstrates parents of Asian adolescents in Australia 
play a significant role in the motivation to succeed academically.(50) It was 
hypothesised that adolescents who perceived that their parents viewed education as 
more important than physical activity would engage in lower amount of physical 
activity.  However, these two items loaded across a singular factor ‘family education 
beliefs’ and had acceptable internal consistency, the factor did not have acceptable 
test-retest reliability and did not significantly correlate with MVPA duration.  Since 
these items were specifically created for this study, future research is needed to 
develop a more robust measure of perceived parental academic pressure among 
Chinese-Australian youth.  It would also be advantageous to examine the predictive 
validity of this factor with objective measures of MVPA, as self-reported MVPA was 
shown to weakly correlate with actual participation.  Investigation of the predictive 
validity of perceived parental educational preference with sedentary behaviour 
participation, particularly homework/computer use, would also be advantageous as it 
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theoretically may relate more strongly to sedentary behaviour and warrants future 
investigation. 
4.5.3 Limitations and strengths 
Several limitations should be considered when interpreting the reliability and validity 
results among Chinese-Australian youths.   Firstly, the use of an exploratory factor 
analysis with only 104 participants may have influenced the observed internal 
consistency results and correlation matrix.  As discussed above, various 
specifications exist for sample sizes for factor analyses(265) and a future confirmatory 
factor analysis is recommended among a larger sample of Chinese-Australian youth.  
Secondly, the use of a convenience sample to recruit Chinese-Australian youths 
through Chinese-weekend cultural schools restricts the generalizability of the results 
to the wider population.  However, a convenience sample was deemed necessary in 
order to recruit sufficient numbers of Chinese-Australian youths.  Additionally, the 
use of a self-report measure of physical activity which was shown to have weak 
correlations with objectively measured participation (Chapter 3) introduces potential 
social desirability bias and recall error to the observed predictive validity 
correlations.  Objective measures of physical activity participation have previously 
been shown to have stronger correlations with DLW among youth,(181) and their 
implementation may have resulted in different predictive validity correlations.  It 
should be noted that attempts were made to procure accelerometers over the study 
period but this was not possible, and thus self-reported MVPA participation was 
correlated with the factorized constructs.  Finally, the small sample size and low 
response rate also introduces large selection bias into the results and these findings 
should be interpreted with care.  As discussed in Chapter 3.5, it is pertinent to note 
that the reporting of response rates in questionnaire validation studies is uncommon 
and should be further encouraged (Chapter 3.5).  
 
Despite the above limitations, this study is believed to be the first study to investigate 
the reliability and validity properties of a perceived psychological and social 
correlates questionnaire among Asian youth in Australia.  The results from this 
chapter demonstrate the successful recruitment and engagement of Chinese-
Australian youth and the psychometric testing of the self-report questionnaire. 
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4.6 Conclusion 
The results from this study are among the first to investigate the reliability and 
validity of a potential psychological and social correlates questionnaire among 
Chinese-Australian youth.  The results suggest most items and subsequent factors 
had acceptable internal consistency, test-retest reliability and evidence of predictive 
validity among Chinese-Australian youth. 
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Chapter 5. Methodology of the Chinese and 
Australian Adolescent Health Study (CAAHS) 
5.1 Introduction 
This chapter serves as precursor to Chapters 6 to 8, in which the results of the 
Chinese and Australian Adolescent Health Study (CAAHS) are presented. In brief, 
the CAAHS aimed to examine the correlates of physical activity, sedentary 
behaviour, overweight and obesity among a sample of Chinese-Australian and 
Anglo-Australian adolescents aged 12 to16 years. The purpose of this chapter was to 
further examine the issues faced with measurement and interpretation of 
accelerometry data before describing the methodology used in the CAAHS.   
 
5.2 Selection and interpretation of accelerometry 
Accelerometers are advantageous in measuring physical activity and sedentary 
behaviour as they capture information regarding frequency, intensity and duration of 
activity in ‘real time’ without being subject to several known measurement errors of 
subjective measures (e.g. respondent memory lapses, motivational issues, 
underestimation of incidental activities and socially desirable responses).(129)  Whilst 
Chapter 2 provided a brief overview of physical activity and sedentary behaviour 
assessment via accelerometry, the following section aims to discuss common issues 
associated with the interpretation of accelerometry derived data. 
5.2.1 Overview of accelerometers 
Various accelerometer brands and models have been used in physical activity 
research among children and adolescents. Arguably the most utilised brand is the 
ActiGraph accelerometer (ActiGraph, LCC, Pensacola, FL, US; 
http://www.theactigraph.com),(171)  formerly known as Manufacturing Technology Inc 
(MTI) or  Computer Science Application (CSA) accelerometers. As discussed in 
Chapter 2 (Section 2.4.5), accelerometers detect changes in speed of the body with 
respect to time (acceleration) and an electrical signal that is proportional to the 
applied acceleration is detected by the sensor.(172)  These voltage outputs are 
transformed into numerical units of measurement called counts,(172) and can be 
presented in the raw form as ‘total counts’ or as counts over time e.g. ‘counts.min-
1.(158)  It is the number of activity counts over a unit of time (e.g. minutes) that are 
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transformed into estimates of frequency, intensity and PAEE based on prediction 
equations (173) and defined cut-points for children and adolescents.(174)   
 
There are many approaches that are taken in order to process and interpret 
accelerometry-derived count data, which has been shown to influence the results.(243, 
251, 266)  Therefore, the following section summarises some of the methodological 
considerations and data handling techniques used to process and interpret 
accelerometry data and their implications in monitoring child and adolescent 
physical activity and sedentary behaviour. 
 
5.2.2 Interpretation of accelerometry data 
Several reviews have focussed on the use of accelerometry among children and 
adolescents in relation to reliability and validity,(166, 181) data handling techniques and 
measurement protocols.(158, 171, 243, 267, 268)  The purpose of these reviews was to 
provide a rationale for the various decisions researchers have to make when using 
accelerometry in relation to the selection of an appropriate epoch length, the required 
number of days of monitoring, the number of minutes that represent daily wear time 
and non-wear time, the identification of spurious (extreme) data and assigning cut-
points to reflect activity intensity, despite the absence of standard international 
recommendations. 
 
Epoch length 
The selection of an appropriate epoch length (e.g. 1, 10, 30, 60 seconds) is an 
important consideration to ensure that the nature of physical activity conducted by 
the participants is accurately captured by the accelerometer.  Physical activity 
patterns of children and adolescents differ from one another with one study 
indicating the mean duration of a physical activity bout of children (8-10y) being 
70.8 seconds for light, 9.0 seconds for moderate and 4.7 seconds for vigorous-
intensity physical activity.(269)  The literature surrounding the mean duration of 
adolescent activity using accelerometry is not well known.  However, adolescent 
physical activity patterns are assumed to be different with adolescents being able to 
engage in longer periods of moderate and vigorous-intensity activity due to pubertal 
adaptations from childhood (maturity-associated variation in size, proportions, body 
composition and functional capacity).(270)  If an inappropriate epoch length is 
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selected then the validity of the results can be affected.  For instance, if the epoch 
length is long (e.g. 60 seconds), short periods of high intensity activity may not be 
detected as the total number of counts per 60 second epoch will be smoothed.  In 
contrast, the selection of a lower epoch length can underestimate the true amount of 
MVPA as it is averaged to reflect light-intensity physical activity when assigning 
activity intensity metabolic equivalent (MET) cut-offs.(266)  In the wider literature, 
the recommended epoch length for assessing children’s physical activity is less than 
60 seconds,(268) however, even shorter epoch lengths of 10 seconds or less have been 
recommended.(266, 267)  It is assumed that epoch lengths for adolescents should also be 
less than 60 seconds. 
  
Monitoring period and compliance 
The optimal number of days over which to use an accelerometer to reflect habitual 
physical activity relies on a trade-off between compliance and reliability.  The review 
by Trost, McIver and Pate(268) indicated that reliable (ICC >0.80) estimates of 
habitual activity for children were achieved with 4-5 days of monitoring and 8-9 days 
among adolescents.(268)  In contrast, the Avon Longitudinal Study of Parents and 
Children among children aged 11y demonstrated good reliability was achievable 
with 3-days of monitoring.(271)  However, the authors reduced the acceptable 
reliability coefficient from r = 0.8 to r = 0.7, they believed this was necessary to 
maximize the number of participants excluded from analyses due to incomplete 
data.(271) Thus, highlighting the importance of the relationship between the number of 
days of monitoring and compliance concerns of participants wearing an 
accelerometer over consecutive days.   
 
In 2009, Sirard and Slater (272) investigated the concept of compliance further among 
a sample of US high school students. They trialled four compliance strategies; a) 
receiving 3 phone calls, b) completing a daily journal, c) compensation based on the 
number of complete days of monitoring (>10hrs/day) and d) a control condition to 
determine the influence of the number of complete days of monitoring achieved over 
a 7-day period.(272) In that study, no significant compliance differences were 
observed based on gender or race, however, higher compliance rates were observed 
among younger (Yr 9 and 10) compared to older (Yr 11 and 12) adolescents in 
achieving 4 complete days on monitoring, 90% vs. 71%, respectively.(272) In 
addition, after controlling for a range of factors, the compensation group had higher 
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compliance rates (96%) compared to the journal (85%), telephone (72%) and control 
(70%) groups.(272)  However, this study demonstrated that the compensation group 
achieved higher compliance rates; paying participants $5/day for each complete day 
(>600mins/day) of accelerometry and $10 for returning the accelerometer may not be 
possible for studies with small budgets.  It is also of note that all participants 
received $35 for participating in the study and $10 for returning the accelerometer, 
whereas the amount of money the compliance group received was contingent on the 
number of complete days.  These results are unlikely to be reproducible in similar 
adolescent populations without the use of financial incentives for participants, 
however, they do demonstrate that different strategies can increase overall 
compliance rates.  
 
Completeness of data 
Another critical step when using accelerometry is determining the number of minutes 
of monitoring per day that is enough to reflect a ‘valid’ or complete day of 
monitoring.  This involves determining periods where the accelerometer was worn 
and not worn (non-wear time) as well as identifying and removing spurious (extreme 
or biologically implausible) data.   Currently, there is no consensus on what denotes 
a valid day (e.g. 500mins to >600mins), non-wear time (e.g. continuous counts of 
zero for 10 to 60 minutes) or spurious data (e.g. an average of 15,000 or 20,000 
counts per minute) and a variety of approaches have been used.  A selective review 
by Masse et al., (2005) of all field-based accelerometry studies published between 
2003 and 2004 among children, adolescents and adults revealed various criteria have 
been applied.(243)  In the 64 included studies, only 8 studies reported how non-wear 
time was calculated and this ranged from 10 mins, 15 mins, 20 mins and 30 minute 
periods of zero activity counts.  Valid day criteria also varied widely among the 21 
studies that reported how it was generated, with 38.1% using 10 hours/day of 
monitoring as the inclusion criteria, however, this criteria ranged from 1 to 16.67 
hours.(243)  That review also found that only one study reported how spurious data 
were identified and subsequently removed.  In this singular study, counts  greater 
than nine standard deviations away from the median were removed.(273) Masse et al., 
went on to further examine the implications of applying four data reduction 
algorithms (Table 5.1) to the accelerometry data among 242 African American or 
Hispanic adults aged 40-70y.  Even though this study was among adults it showed 
that the mean participant wear time, average counts per minute, average counts per 
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day and calculated time spent in MVPA, varied significantly depending on which 
algorithm was used.(243)  For instance, the more stringent algorithm (Algorithm 2) 
had lower mean counts per minute, counts per day and MVPA minutes per day than 
all other algorithms.  These findings have serious implications for researchers, as 
they are often interested in the proportion of participants who are participating in 
insufficient levels of physical activity according to national recommendations.  Using 
the four different algorithms it was demonstrated that the percentage of participants 
engaging in insufficient activity varied significantly depending on which algorithm 
was used; algorithm 1 (93.8%), 2 (77.1%), 3 (86.3%) and 4 (92.5%).(243)  These 
results highlight the need for a standard approach to data reduction techniques as 
they can evidently alter the observed results.  
 
Table 5.1 Four algorithm criteria used to process accelerometry data# 
 Algorithm   
Issue 1 2 3 4 
No. of continuous 
zeros used to 
identify the wearing 
period 
60min, scanning 
counts in each 
30-s epoch 
20 min, scanning 
counts in 20-min 
blocks 
20 min, scanning 
counts in each 
30-s epoch 
10 min, scanning 
counts in each 30-
s epoch 
Minimal wear 
requirement for a 
valid day 
60% of waking 
time a 
12 h of wear 10 h of wear 80% of a standard 
day b 
Spurious data ≥ 20,000 counts ≥ 16,000 counts N/A Counts >0 that 
are constant for 
10 min 
No. of days needed 
to compute outcome 
variables 
(continuous??) 
4 d of  valid data 3 d of valid data 4 d of valid data Based on 7 d of 
data, missing days 
are imputed 
No. of days needed 
to compute 
compliance with 
physical activity 
recommendation 
4 d of valid data 5 d of valid data 5 d of valid data N/A 
Tolerance, duration 
of interruption when 
extracting bouts 
1 min 2 min 0 and 2 min N/A 
# = adapted from Masse et al., (2005)(243);a Waking time was estimated by subtracting hours of 
sleep from 24 h, which was self-reported; b A standard day was defined as the length of time in 
which 70% of the sample wore the monitor 
 
More recently, the US National Health and Nutrition Examination Survey 
(NHANES)(274) has incorporated accelerometry into their national surveillance 
surveys among children (6-11y), adolescents (12-19y) and adults and subsequently 
have outlined a standard approach for handling the accelerometry derived results.  In 
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the 2003-2004 NHANES survey a valid day was defined as >600mins/d-1 of 
monitoring and non-wear time as 60 consecutive minutes of zero activity counts with 
an allowance for 1-2 minutes of counts between 0 and 100, this is known as 
tolerance.(274)  They also required participants to have 4 or more days of valid data 
(>600mins/day) and identified spurious data as extended sequences containing the 
maximum possible count value >60min in which counts never returned to zero.(274)  
In contrast, a population-based study of 9 and 10 year old children in Norfolk, UK,  
used  a minimum of 3 days of valid accelerometry (>500mins/ d-1) with non-wear 
time determined as >10minutes of consecutive zero counts.(275) In the Norfolk study 
it was not reported how spurious data were handled.  In general, it is evident from 
these two population-based studies the difficulty of contrasting accelerometry 
derived physical activity data due to the varied inclusion criteria, which is likely to 
influence the observed results.  However, it appears that a monitoring period of 
>500mins/d-1 over 3 days a minimum with >10minutes of consecutive zero counts to 
identify non-wear time would be appropriate among children and adolescents. 
  
Defining intensity based on counts 
Finally, the transformation of raw accelerometer counts (counts per epoch) into 
estimates of activity intensity (sedentary, light, moderate and vigorous) involves the 
application of activity cut point equations.  There are several cut points that have 
been developed for children and adolescents using the ActiGraph accelerometer; 
namely the Freedson/Trost,(174, 276) Puyau,(277) Treuth,(278), Mattocks,(279) and 
Evenson(280) equations.  The application of different cut points has been described as 
the “cut point conundrum”,(171) as researchers have to select an appropriate cut point 
despite the paucity of evidence surrounding their comparative validity.  In a recent 
study by Trost et al., (2011)(251) the authors evaluated the accuracy of the above five 
equations against indirect calorimetry among a sample of 206 participants aged 5-
15y. Participants completed a range of 12 activities (e.g. lying down, walking, 
jogging, hand writing, throw and catch) whilst wearing the GT1M ActiGraph 
accelerometer and a portable indirect calorimetry system.  Estimates of energy 
expenditure and physical activity intensity were the outcomes of interest and subject 
to dependent t-test, sensitivity, specificity and area under the receiver operating curve 
analysis (ROC-AUC).(281)  The results of this study demonstrated that for specific 
activities the selected equation may reflect observed energy expenditure measured 
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via calorimetry, whereas for other activities energy expenditure was significantly 
over or underestimated expenditure (P<0.004) (Table 5.2).(251)   
 
Table 5.2 Difference between predicted and observed energy expenditure for 
various prediction equations#  
Activity Energy Expenditure Prediction Equation    
 Freedson/Trost Treuth Puyau Mattocks 
Lying down ↓* ↓* ↓* ↓* 
Computer game ↓* ↓* ↓* ↓* 
Hand writing ↓* ↓* ↓* ↓* 
Throw and catch ↓* ↓* ↓* ↓* 
Laundry task ↓* ↓* ↓* ↓* 
Sweeping ↓* ↓* ↓* ↓* 
Aerobic dance N/S difference N/S difference ↓* N/S difference 
Comfortable walk ↑* ↑* ↓* N/S difference 
Brisk walk ↑* ↑* ↓* N/S difference 
Treadmill walk N/S difference ↓* ↓* N/S difference 
Basketball ↓* ↓* ↓* ↓* 
Run N/S difference ↓* ↓* ↓* 
# = adapted from the results by Trost et al., 2011)(251); and * = dependent t-tests with Bonferroni 
adjustments for multiple comparisons (P <0.004). 
 
When estimates of activity intensity using the prediction equations were subject to 
sensitivity, specificity and ROC analyses, the results were mixed. The cut point for 
sedentary activity of 100 counts/min demonstrated excellent accuracy (ROC-AUC > 
0.90) using the Freedson/Trost, Treuth, Mattocks and Everson cut points.   Light-
intensity activity had fair accuracy (ROC-AUC = 0.70-0.79) using the Everson, 
Freedson/Trost and Treuth cut points but poor accuracy (ROC-AUC <0.70) using the 
Mattocks and Puyau cut points.  The accuracy of MVPA activity was excellent using 
the Everson and Freedson/Trost equations, good  (ROC- AUC = 0.80  to 0.89) using 
the Treuth and fair for the Mattocks and Puyau cut offs.(251)  The results of this study 
demonstrated that the selection of an appropriate equation to reflect either energy 
expenditure or activity intensity can be significantly influenced by equation choice.  
In light of this evidence the Evenson equations demonstrated excellent accuracy 
across all four activity intensities and the authors recommended that the Evenson or 
Freedson/Trost equations be used in subsequent field based studies.(251) 
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In summary, the above discussion outlines the multiple data reduction/inclusion 
criteria decisions researchers have to make when using accelerometry.  These 
decisions have been shown to significantly influence the results and highlight the 
overall need for international consensus on a standard approach to accelerometry.  
Until such time, it is evident that transparency is needed in reporting data handling 
techniques so that meaningful comparisons with other studies can be made. 
However, based on the literature it would appear that at a minimum for examining 
accelerometry derived physical activity among children and adolescents requires: 
≥500mins/d-1 over 3-days; an epoch ≤ 60seconds; consecutive zeros for ≥10 minutes 
to define non-wear time; and the Freedson/Trost or Evenson activity intensity 
equations to define light, moderate and vigorous-intensity physical activity. 
 
5.3 Methods of the CAAHS 
The importance of regular physical activity and healthy weight maintenance is 
pertinent for all adolescents, but especially adolescents from an Asian CALD 
background (Chapter 2).  As the evidence suggests, physical activity(282) and 
overweight and obesity(283) track from adolescence into adulthood.  Therefore, 
establishing health enhancing behaviours early-on in adolescence may prove to be 
protective against disease in later life.  The Chinese and Australian Adolescent 
Health Study (CAAHS)  was designed to examine the correlates of physical activity, 
sedentary behaviour, overweight and obesity among a sample Chinese-Australian 
and Anglo-Australian adolescents aged 12 to 16 years.  This study was instigated to 
examine the current behaviours among and between the two sub-groups in the 
population in order to ascertain whether future intervention is necessary. 
 
Specifically, the CAAHS aimed:   
1. To examine the prevalence of overweight, obesity  and abdominal obesity 
among a sample of Chinese-Australian and Anglo-Australian adolescents 
aged 12 to 16 years; 
2. To examine the demographic correlates of overweight, obesity and abdominal 
obesity among a sample of Chinese-Australian and Anglo-Australian 
adolescents aged 12 to 16 years; 
3. To investigate patterns of MVPA  and sedentary behaviour among a sample 
of Chinese-Australian and Anglo-Australian adolescents aged 12 to 16 years; 
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4. To investigate correlates of physical activity, sedentary behaviour 
participation and among a sample of Chinese-Australian and Anglo-
Australian adolescents aged 12 to16 years, and 
5. To compare the prevalence of overweight, obesity, abdominal obesity and 
physical activity and sedentary behaviour between Chinese-Australian and 
Anglo-Australian adolescents aged 12 to16 years. 
 
5.3.1 Study design 
The CAAHS study used a cross-sectional study design.  This study design was 
selected to examine the prevalence of specified health conditions in the recruited 
sample at a single time-point.(284) 
 
5.3.2 Sample size calculations  
Sample size calculations conducted for this study were based on the ability to detect 
a 10-minute difference in daily MVPA between Chinese-Australian and Anglo-
Australian adolescents.  Two previous studies, investigating time spent in MVPA 
using accelerometry were used to calculate the required number of participants.  This 
data was sourced using personal email communications with the authors of the 
respective studies who kindly provided the required information which was not 
available in the published versions of these studies.  The first study involved 346 
adolescents aged 13-15y in metropolitan Melbourne(285) with mean accelerometry 
minutes in MVPA (Mon-Fri) per day being 89 min ± 40.0 mins.d-1 (email 
communication with Dr Alison Carver 26th March, 2009).  The second study 
involved accelerometry data on 132 Hong Kong children (9-12),(219) with mean 
MVPA minutes (Mon-Fri) per day being 68 min ± 37.8 mins.d-1 (email 
communication with Dr Wendy Huang 10th June, 2009).  Accelerometry data among 
children in Hong Kong were used in these calculations due to the absence of 
accelerometry data derived from adolescents of Chinese-Australian, mainland 
Chinese or Hong Kong origin. Therefore, with the above information and assuming a 
power level of 0.80, an alpha level of 0.05 and a ratio of 1:1 between Chinese-
Australian and Anglo-Australian adolescents the required sample size was N= 80 per 
group. These calculations were not clustered by gender or age which would further 
require an additional 80 participants in each group for each factor. Thus, the CAAHS 
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study aimed to recruit 80 Chinese-Australian and 80 Anglo-Australian adolescents as 
a minimum.  
 
5.3.3 Sample and recruitment  
A two-step procedure was implemented to recruit Chinese-Australian and Anglo-
Australian adolescents.  A total of 29 Chinese-weekend cultural schools across 
metropolitan Melbourne with enrolments of at-least 20 adolescents were invited to 
participate in this study, excluding the two schools involved in the reliability testing 
(Chapter 3 and Chapter 4).  An identical recruitment strategy to the procedure used in 
Study 1-3 was utilised (Chapter 3.3.3, Chapter 3.3.4 & Chapter 4.3.1): 
1) An introductory letter and information pack was sent to the Principal 
outlining the study and inviting the school to participate;  
2) Follow-up phone conversations and/or interviews with the Principal 
regarding the study were held; and 
3) Assembly presentations to students and teachers from participating schools 
regarding the study were held with the plain language statement and consent 
distributed at the conclusion.  All students in language level 7-10 aged 12 to 
16 years were invited to participate 
 
 In total, six Chinese-weekend cultural schools agreed to participate (response rate 
(RR) of 22%), comprising 12 separate school campuses.  Participants with a signed 
plain language statement and consent form (Appendix 9) by both the student and one 
parent/guardian were enrolled into the study.  A total of 1163 adolescents were 
invited to participate across the 12 Chinese-weekend cultural school campuses with 
200 returning signed consent forms, giving a RR of 17%.  
 
To randomly recruit Anglo-Australian adolescents, a strategic random sampling 
approach was used.  A list of all government and independent schools in 
metropolitan Melbourne was generated and stratified into five quintiles based on the 
schools’ postcode and the corresponding rank of Relative Socio-economic 
Advantage and Disadvantage (IRSAD) which is derived from the Australian Bureau 
of Statistics (ABS) Socio-Economic Indexes for Areas (SEIFA) index.(286)  Six 
schools from each included quintile (1st, 3rd and 5th) were randomly selected and 
invited to participate.  The selection of the 1st, 3rd and 5th SEIFA quintiles was 
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selected to recruit individuals from a range of socioeconomic backgrounds.  The 
same school and participant recruitment procedure outlined above (Chinese-weekend 
cultural schools) was used in the recruitment of participants from government and 
independent schools.  Initially, four schools agreed to participate but two schools 
later withdrew due to curriculum constraints, resulting in two schools being involved 
in the study (response rate of 11%). This subsequently reduces the spread of schools 
from SEIFA quintiles to a singular school from the high (5th) and medium (3rd) 
quintile.  From these two schools, a total of 836 adolescents (12-16y) were invited to 
participate from government and independent schools.  One-hundred and twenty 
participants returned a signed plain language statement and consent form (Appendix 
9) by both student and one parent/guardian and were subsequently enrolled in the 
study, giving a RR of 14%. 
 
Ethical approval was sought and granted from the Victorian Department of 
Education and Early Childhood Development and Deakin University’s Faculty of 
Health Human Ethics Advisory Group prior to conducting this study.  All aspects of 
the CAAHS were conducted by the candidate except for the use of volunteer data 
collectors in the collection of measurements.  In addition, for one rare occasion the 
assembly presentation at a singular Chinese-weekend cultural school was given by a 
trusted volunteer data collector as the candidate was unavailable to attend as she was 
also giving an assembly presentation at a separate school campus.  
 
5.3.4 Instrument selection  
As discussed in Chapter 3, it was a necessity that all measures needed to be quick 
and easy to set-up, administer and pack away due to the nature of Chinese-weekend 
cultural schools running for approximately 3.5 hours on a Saturday or Sunday. These 
schools are also extremely time poor and are very cautious of any disruptions to their 
learning time. Therefore, all instruments had to reflect this requirement.  It was 
decided to administer a self-report questionnaire including the CAPANS-PA and 
CAPANS-BA instruments and use 7-day accelerometry to examine physical activity 
and sedentary behaviour participation. A 7-day monitoring period was selected for 
two reasons: 1) since participants were at Chinese school on a weekend, it was 
deemed likely that several participants would forget or misplace the accelerometer 
over a longer 14 or 21-day period where frequent reminders were not possible and, 2) 
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reliable estimates of habitual physical activity among older-children (11y) have been 
observed with 3-days of monitoring.(271) However, Trost, McIver and Pate 
recommend 8-9 days of monitoring to obtain reliable estimates of habitual physical 
activity among adolescents, this duration of monitoring is not feasible given the 
constraints within weekend schools.(268)  In addition, the increased participant burden 
to wear an accelerometer over 1-week influenced the decision to utilize a 7-day 
monitoring period. 
 
Height, weight and waist-circumference measurements were selected as relatively 
quick and easy measures of excess body fat.  The use of skinfold(s) was not 
considered to be appropriate due to the time and effort required to train data 
collectors and collect measurements from participants, as well as requiring 
participants to partially undress.  This in conjunction with a measure of physical 
development (e.g. Tanner scale), was seen as too confronting for participants and not 
culturally appropriate, which would most likely not have been given approval by the 
school Principal.  It was also felt that a measure of physical development might not 
be successful in achieving ethical approval. 
 
Finally, the selection of  an appropriate WC measurement site was discussed with the 
advisory committee and the measurement site of midway between the last rib (10th 
rib) and the iliac crest was chosen based on the advice of Professor Timothy Olds 
(International Society for the Advancement of Kinathropometry (ISAK)- Level 4 
accredited and co-author of the ISAK publication; International standards for 
anthropometric assessment (2006).(287)  Due to Professor Olds’ extensive research 
experience in this area he advised (via email communication on 28th August, 2009) 
that the above measurement site in his experience, would be the most reliable and 
least affected by errors in location.   It was also used in the 2007 ANCAPS survey(4) 
and would provide a nationally representative comparison group for the results. 
 
5.3.5 Measures  
Biological and demographic characteristics 
Several questions investigating biological and demographic characteristics were 
collected through the CAPANS-PA questionnaire (Questions 1-11).  These required 
participants to report their date of birth, age (years), school in which they attended 
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Monday-Friday, gender (circle), suburb and postcode of usual residence and country 
of birth of the participant, their biological mother and father and their maternal 
grandmother and grandfather.   
 
Physical activity and sedentary behaviour 
Free-living physical activity and sedentary behaviour was assessed with the 
ActiGraph activity monitor (GT1M, ActiGraph LCC, Pensacola, US; 
http://www.theactigraph.com) over 7-days.  As outlined in Table 2.3 (Chapter 2), 
ActiGraph accelerometers have been observed to have acceptable intra-instrument 
reliability over an 8-day monitoring period among youth aged 3-15 years(181) and are 
the most commonly used accelerometer in research.  Additionally, criterion validity 
correlations with indirect calorimetry have been shown to be moderate to strong ( r = 
0.66 to 0.85) among youth (6-15y)(181) and moderate using DLW (r= 0.51 to 0.61) 
among free-living adolescents.(166)  In terms of an appropriate monitoring period to 
reliably capture habitual physical activity, acceptable estimates among adolescents 
have been shown with 8-9 days (ICC = 0.80) among adolescents(268) and 3-days of 
monitoring among 11-year old children (ICC = 0.70).(271) An epoch length of 30-
seconds was selected and the accelerometer was worn over the right hip using an 
elastic belt. 
 
In addition, self-reported physical activity and sedentary behaviour participation was 
examined using the psychometrically tested CAPANS-PA instrument which was 
described in detail in Chapter 3.  The instrument was shown to have reliable 
estimates of type, frequency and duration of weekly MVPA (Mon-Sun) among 
Chinese-Australian youth (11-14y), with duration spent in weekly sedentary 
behaviour reliable among females only and for specific sedentary behaviour 
categories (Chapter 3.4).(288)  The construct validity of the CAPANS-PA 
questionnaire indicated poor agreement with objectively measured duration spent in 
weekly MVPA and moderate agreement with duration spent in weekly sedentary 
behaviour (Chapter 3.4).  However, the construct validity of the questionnaire 
compared to accelerometry was poor for physical activity but acceptable for 
sedentary behaviour, the questionnaire provided reliable information on type of 
behaviour which was used to supplement accelerometry data. 
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Potential psychological and social correlates of physical activity 
Perceived psychological and social influences on physical activity participation were 
collected using the CAPANS-BA instrument which is described in detail in Chapter 
4. The majority of items tested in Chapter 4 were shown to have acceptable test-
retest reliability, with five of the eight factors having acceptable test-retest reliability 
if using the (ICC ≥0.60) criteria among Chinese-Australian youth (11-14y).  In 
addition, evidence of predictive validity was demonstrated for the ‘family/friend 
support’, ‘parental co-participation/fear’, ‘preference/attitude’ and ‘positive outcome 
expectations’ factors using self-reported duration spent in weekly (Mon-Sun) 
MVPA.(Chapter 4.4) 
 
Anthropometry 
Several anthropometric measurements were taken including height, weight and 
waist-circumference on all consenting participants.  Participants wore light clothing 
with shoes and socks removed.  Height was measured to the nearest 0.5cm using a 
portable stadiometer. Weight was measured to the nearest 0.1 kg using the A&D 
electronic weight scale (A&D Personal Precision Scale UC-321; A&D Medical, San 
Jose, CA).  Waist-circumference was taken using the cross-over technique at the 
midway point between the lower costal (10th rib) boarder and the top of the iliac 
crest, in the mid-axillary line, perpendicular to the long axis of the trunk.(126)  This 
measurement was taken over light clothing (e.g. t-shirt) and a colour sticker was used 
to temporarily identify at which level the measurement was taken.(126) The Lufkin 
W606PM metal tape was used to measure waist-circumference.  A minimum of two 
measurements were taken for each anthropometric variable with a third measure 
taken if the second measure was not within 0.5kg for weight, 0.5cm for height and 
0.5cm for waist-circumference.  The mean value was used if two measurements were 
taken, the median if three measurements were taken. 
 
5.3.6 Procedure  
Data collection occurred between August-November 2009 and April-June 2010.  
Two periods of data collection were required to collect data from Chinese-Australian 
adolescents (August-November 2009 and April-June 2010), as outlined in Chapter 
3.3.4. These two time-periods represented two different seasons in Melbourne, 
Australia (Spring and Autumn).  The second recruitment period was necessary in 
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order to recruit sufficient number of Chinese-Australian adolescents.  The reasoning 
being only 31 or 33% of the 95 adolescents recruited through Chinese-weekend 
cultural schools between Aug-Nov 2009 were of Chinese-Australian ethnicity.  The 
dominant proportion were South-East Asian adolescents (65%).  These South-East 
Asian adolescents were typically from a Vietnamese or Cambodian-Australian 
background and were surprisingly attending a Chinese-weekend cultural school.  It is 
presumed that these adolescents would have Chinese ancestry beyond their maternal 
grandparents, which was also acknowledged by several Chinese-weekend cultural 
school Principals.  The high proportion of South-East Asian adolescents was 
unpredictable given that 82% of participants recruited in Study 1 were of Chinese-
Australian ethnicity (the first data collection in Chinese-weekend cultural schools).  
Hence, two recruitment periods were conducted two recruit additional numbers of 
Chinese-Australian adolescents.   
 
All participants were invited to complete two self-administered questionnaires, have 
their height, weight and waist circumference measurements taken and wear an 
accelerometer over the right hip for the proceeding 7-days during waking hours and 
during non-water based activities. As outlined in the procedure for Study 2 (Chapter 
3.3.4) and in Table 3.1, the CAPANS-PA questionnaire and 7-day accelerometry 
covered non-concurrent monitoring periods, this was due to the necessity to reduce 
classroom disruptions. For all Chinese-weekend cultural schools, the first major 
classroom interruption occurred for 20-30 minutes where participants had their 
height, weight and waist-circumference measured, completed the questionnaires and 
were fitted with an accelerometer in a private/empty classroom.  
 
The second minor classroom interruption occurred 7-days later for 1-2 minutes 
where the accelerometer was collected from participants.  For government and 
independent schools, the procedure was identical except for the duration of the first 
classroom interruption.  Generally, the first interruption occurred for 50-100 minutes 
where all participants in a year level (or combination of year levels) completed the 
measurements in a single or double lesson in a private/empty classroom/hall during a 
normal school day. The accelerometer was collected in an identical manner with a 1-
2minute classroom interruption 7-days later.  For all participants, a recyclable bag 
containing a ‘hacky sack’ and three Australian government brochures pertaining to 
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healthy eating and regular physical activity for children and adolescents was received 
as compensation after the accelerometer was fitted. 
 
Trained volunteer data collectors were used to assist with all areas of data collection 
(anthropometric measurements, questionnaire administration and accelerometer 
fitting).  Data collectors attended an extensive three-hour training session (both 
practical and theoretical) which was led by the candidate.  A training manual was 
distributed to recruited data collectors and contained standardised procedures for 
administering the questionnaires, taking height, weight and waist-circumference 
measurements and fitting the accelerometer (Appendix 10).  All data collectors were 
also required to obtain a current Working with Children Check (a criminal records 
check issued by the Victorian Department of Justice) prior to any involvement in 
data collection.  
 
The candidate conducted all aspects of the CAAHS (e.g. planning, recruitment, 
preparation, uploading and downloading accelerometers, data entry, analysis, write-
up, etc).  Volunteer data collectors were used on measurement days within schools 
and as a necessity to have more than one measurement station ‘running’ at one-time 
(to reduce class disruptions).  The investigator was involved in taking measurements 
and led the questionnaire administration at all schools, except on the few occasions 
due to illness or data collection was scheduled at two schools simultaneously, in 
which case a reliable volunteer data collector was required to manage data collection 
in that school for that day only. This happened on a handful (< 8) occasions, keeping 
in mind that the whole procedure to recruit, measure and collect accelerometers from 
students required on average 6-8 visits to each school campus (14-separate school 
campuses were recruited).   
 
5.3.7 Data management  
Data were entered into SPSS Statistics Version 17.0 and all analyses were conducted 
using STATA 11.0 (STATA Corp., College Station, Texas, USA).  Fourteen 
participants were away on the day of testing and two participants were excluded from 
all analyses as they did not indicate their gender on the CAPANS-PA questionnaire 
and it was not apparent or translatable from their name (e.g. Sam, Bailey etc).  A 
further 18 participants were excluded from all analyses for the following reasons: 
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five had missing questionnaire data, nine had missing anthropometric and physical 
activity data, three were 11 years of age at the time of data collection and one 
participant was physically impaired.  In addition, 15 students did not indicate their 
date of birth correctly, however, they had given their self-reported age in years (the 
majority of these students wrote the date of analysis, rather than their date of birth).  
This was important for the generation of age as a fraction to apply the IOTF BMI 
age-sex-specific growth reference as this is based on the nearest 0.5 year.(77)  In order 
to determine whether to include the data from these 15 participants, a paired-sample 
t-test was conducted to see if there was a significant difference in self-reported age 
and age derived from the equation (start date- date of birth)/365.25= age (fraction) 
among the entire sample.  No significant difference was observed, therefore, self-
reported age was used as a proxy for the age (fraction) as a whole number (e.g. 15.0) 
for these students.  
 
All entered data were rigorously checked for errors.  Firstly, anthropometric data 
(generation of mean or median of height, weight and waist circumference) was 
checked twice on the original data entry sheets.  Twenty-six errors (3%) out of a 
possible 858 (3 x 286) calculations were corrected regarding the manual calculation 
of mean or median during the first check.  Zero errors were detected upon second 
examination and calculation using the original data entry sheets. Anthropometric data 
were subsequently entered into SPSS and a random selection (Microsoft Excel 
generation of ID) of 10% was re-checked for data entry accuracy, no errors were 
found.  Both the CAPANS-PA and CAPANS-BA questionnaires were entered into 
SPSS and the same randomly selected 10% checked for data entry accuracy against 
the original questionnaires.  Of the 28 re-entered questionnaires, 15 were entered 
without error and 25 errors (in total) were detected in the remaining 13 
questionnaires.  Both questionnaires contained a total of 345 variables to be entered 
(28 x 345 = 9660 variables); data entry error was 0.3%. 
 
Physical activity and sedentary behaviour 
Accelerometry data were processed using a basic data reduction program and merged 
(using the match ID function) into a larger SPSS data file. The completed SPSS data 
file containing all variables was then imported into STATA for analyses. The 
identical accelerometry data management protocol for Study 2 (Chapter 3.3.4) was 
used in the CAAHS.  Participant data were included if at least 500mins.day-1 of 
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activity for at least 3 days (including 1 weekend day) was achieved.  Spurious data 
were identified if  > 4 000 000 counts.day-1 was achieved as this indicated possible 
accelerometer malfunction.(242)  In addition, activity counts that exceeded ≥20 000 
counts.min-1 were set excluded and identified as spurious data as was done in one of 
the data reduction protocols by Masse et al., 2005.(243) Non-wear time was indicated 
if zero activity counts were recorded for 10 minutes or more.  The number of minutes 
of wear time per day was generated by the equation [wear time (mins) = 1440 mins – 
non-wear time (mins)].  Physical activity and sedentary behaviour variables included 
the number of counts per minute (counts.min-1) and time (mins.d-1) spent in the 
following metabolic equivalent units (METs) of activity intensity: light (1.50- 2.99), 
moderate (3.00-5.99 METs), vigorous (≥ 6.00 METs) and moderate-to-vigorous 
activity (MVPA) based on the Freedson/Trost age-specific energy expenditure 
prediction equation (see Table 3.2).(174)  Sedentary time (≤ 1.49 METs) was 
identified by activity counts between 0-100 counts.min-1. 
 
Duration of daily physical activity for each intensity of activity was summed and 
divided by the total number of days on which the accelerometer was worn. This 
procedure was repeated for weekday (Mon-Fri) and weekend (Sat and Sun) 
participation.  
 
The accelerometry analysis sample varied as seven participants lost their 
accelerometer, five monitors failed to download, 51 participants did not record at 
least 500 mins.d-1 of monitoring over 3 days (including one weekend day) and 17 
recorded spurious data (>4 million counts.day-1).   
 
In order to accurately merge the results from the two periods of data collection 
among Chinese-Australian adolescents (Chapter 3.3.4) both time periods were 
checked for any significant differences on key variables (Appendix 6).  No 
significant differences were observed across a range of key variables (age, gender, 
mins.d-1 spent in sedentary, light or MVPA Mon-Sun) and were therefore merged.   
 
Self-reported duration (mins.day-1) spent in MVPA was calculated by summing the 
responses to the 32-item physical activity checklist and optional 2 ‘Other activity’ 
categories in the CAPANS-PA questionnaire.  All activities in the checklist 
(Question 12) were identified as being moderate (≥ 3-5.9METS) or vigorous (≥6 
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METS) intensity based on the compendium of energy expenditures for youth.(235)  
Three duration variables were created from responses and included: 1) average 
weekday MVPA duration (Mon-Fri); 2) average weekend MVPA duration (Sat or 
Sun); and 3) average weekly MVPA duration (Mon-Sun).  These totals represented 
the summation of all reported duration values for the 32 physical activities and 
optional 2 ‘Other activities’ and were divided by the number of days of recall (N =7).  
Extreme values were identified when duration of MVPA exceeded six hours.d-1.  
Results from 6 participants (2%) from the entire sample were excluded (coded as 
missing) for exceeding this was an arbitrary cut-point.    The twelve most popular 
physical activities were identified by examining the proportion of participants who 
indicated they had engaged in the activity in the previous week.  Duration of 
participation in these specific physical activities was calculation by summing 
participation of those who actually reported duration. For example, 93 Chinese-
Australian adolescents completed the question of participating in soccer over the 
previous 7-days.  Of these 93 participants, 39.8% indicated that they had participated 
in soccer (Yes), with total weekly duration (Mon-Sun) being approximately 1.5 hours 
(median 60.0, IQR = 40.0, 100.0 mins.wk-1).  The duration spent in each activity was 
not calculated for weekend or weekday duration due to the small number of 
participants who actually engaged in each activity. 
 
Self-reported duration (mins.d-1) spent in sedentary behaviour was calculated using 
the responses from the 14-item checklist (Question 22) in the CAPANS-PA 
questionnaire.  Five categories of sedentary behaviour were generated (small screen 
recreation, education, travel, cultural activities, social activities) and were summed to 
create 15 sedentary duration variables for each category to reflect average weekday 
sedentary (Mon-Fri), average weekend sedentary (Sat or Sun) and average weekly 
sedentary (Mon-Sun).(236) In addition, these categories were summed to create three 
overall sedentary duration variables: 1) average weekday sedentary (Mon-Fri); 2) 
average weekend sedentary (Sat or Sun); and 3) average weekly sedentary (Mon-
Sun).  These totals represented the summation all reported duration values in the 
appropriate category divided by the number of days of recall. Extreme values were 
identified and removed if weekday duration exceeded 16 hours.d-1.  This was an 
arbitrary cut-point as the items related to sedentary behaviour outside of school 
hours.  Responses from 46 participants (16%) were excluded (coded as missing) for 
the particular variable for exceeding this maximum. 
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Psychological and social correlates of physical activity  
The response option ‘Don’t Know’ was recoded as missing for each of the 37-items 
within the CAPANS-BA questionnaire.  Items 1, 16, 17, 26-30, 32-36 were reverse-
coded so that a higher value indicated a more positive effect on physical activity 
participation as was done in Chapter 4.3.1. Eight categories were created based on 
the observed 8-factor structure in Chapter 4.  These included: 1) family/friend 
support; 2) perceived barriers; 3) parental co-participation/fear; 4) 
preference/attitude; 5) family education beliefs; 6) personal benefits; 7) positive 
outcome expectation; and 8) negative outcome expectation. These totals represented 
the summation of responses in the appropriate category.   
 
Anthropometry 
BMI was calculated as weight in kilograms divided by the square of height in meters 
(kg/m2).(52)  Weight status (normal weight, overweight and obese) was determined 
using the age-sex specific BMI growth references provided by the World Health 
Organisation (WHO),(78) IOTF(77) and WGOC.(101)  Abdominal obesity was defined 
as a waist-circumference greater than the ninetieth (>90th) percentile using age-sex 
specific references developed for USA,(86) UK,(87) and China – Hong Kong.(289)  
These references were used as they covered the required age ranges and utilised an 
identical WC measurement landmark, except for the USA references.  
   
Age and Gender 
Age and gender were self-reported by the participant using the CAPANS-PA 
questionnaire. The age variable was derived using the equation [(start date- date of 
birth)/365.25= age] to compute in age in years as fraction (e.g. 12.4 years).  The 
denoted start date was the date the participant undertook all measurements.  Gender 
was self-selected by the participant circling the appropriate gender (0 = boy; 1 = 
girl). 
 
Ethnicity 
Participants were categorised as Anglo-Australian, Chinese-Australian or South-East 
Asian based on the responses to questions 7-11 using the CAPANS-PA 
questionnaire. Instead of excluding data from the unexpectedly recruited South-East 
Asian adolescents, their data were included and analysed alongside Chinese-
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Australian and Anglo-Australian data, however, these comparisons are not powered.  
To be categorised as Chinese-Australian, participants needed to meet 1 of 3 
conditions: 1) be born in China themselves, 2) have both parents born in China, or 3) 
both maternal grandparents born in China.  This included mainland China, Hong 
Kong, Macau and Taiwan.  Participants who were identified as Chinese-Australian 
and did not attend a Chinese-weekend cultural school were coded as South-East 
Asian as it was felt that too few Chinese-Australian participants would be identified 
in this manner and their inclusion in the Chinese-Australian category may bias the 
results.  This only affected one participant, e.g. only 1 participant was identified as 
Chinese-Australian and was not attending a Chinese-weekend cultural school and 
was coded as South-East Asian. 
 
To be categorised as South-East Asian, participants had to meet the same criteria as 
above by either being born in an Asian country themselves or having both parents or 
both maternal grandparents being born in an Asian country (excluding China). The 
South-East Asian category also included participants (n = 6) who had one parent or 
grandparent who was born in China and the other parent or grandparent born in an 
Asian country (e.g. Vietnam, Malaysia, Cambodia).  The label South-East Asian was 
given as 74% of participants in this category had either both parents born in 
Malaysia, Vietnam or Cambodia and 46% had maternal grandparents born in these 
South-East Asian countries.  Anglo-Australian participants comprised of all 
remaining participants who largely had both parents and maternal grandparents born 
in Australia or Europe.   
 
Socioeconomic status (SES) 
SES status was measured using the Australian Bureau of Statistics’ Socio-Economic 
Index for Areas (SEIFA) - Index of Relative Socio-economic Advantage and 
Disadvantage (IRSAD).(286)  The IRSAD index attempts to reflect the entire socio-
economic spectrum within a geographical area.  When generating the index, 
information regarding educational attainments, household income, rental and home 
ownership, disability, employment, car ownership and internet connection are 
included.(286)  The resulting score for a geographical area is an ordinal number which 
ranged from 500 to 1300 based on the 2006 Australian Census; with the median 
score being 1000 for the state of Victoria.(286)  Participants self-reported their suburb 
or postcode of residence using the CAPANS-PA questionnaire and the postcode was 
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used to assign an IRSAD score. If the participant only reported their suburb, then 
their postcode was searched and assigned using the Australia Post’s postcode search 
function (http://auspost.com.au/apps/postcode.html).    
 
Normal and abnormal distribution 
The distribution (parametric or non-parametric) of all variables was examined using 
the sktest function in STATA.(290)  The majority of key variables were non-
parametric, and thus,  all common logarithm (log) transformations were explored 
using the ladder and gladder function in STATA(291) with the most appropriate 
transformation selected .  For average time spent in light, moderate, vigorous and 
moderate-to-vigorous physical activity, the square root (sqrt) transformation was 
most appropriate and the square (square) transformation was utilised for time spent 
in sedentary activity.(291)  For BMI and WC the negative reciprocal square root 
(1/square) transformation was selected. A graphical representation of these 
transformations is presented in Appendix 11 using the average time (mins.d-1) spent 
in MVPA data.  
 
5.3.8 Statistical analyses 
Gender, age and SES differences in participation in various physical activity 
intensities and sedentary time were initially examined using the Mann-Whitney U-
tests (medians).  Kruskal-Wallis tests with post-hoc multiple comparison  adjustment 
[alpha/k(k-1)]  through the kwallis2 STATA command(292) were used to examine 
significant median differences between more than one independent variable (e.g. 
Chinese-Australian, Anglo-Australian and South-East Asian) and a dependent 
variable (e.g. height and weight).  Paired-sample Wilcoxon signed-ranked tests were 
used to examine significant differences in self-reported MVPA and accelerometry 
derived MVPA, this was repeated for sedentary time. 
 
In depth multiple hierarchical regression analyses were carried out to examine the 
relationship between ethnicity and various activity intensities whilst accounting for 
age, gender and SES.  In Step 1, the three ethnicity categories Anglo-Australian, 
Chinese-Australian and Other Asian were entered into the regression model.  In Step 
2, gender was entered into the regression model as it is demonstrated that gender 
(being male) positively influences physical activity participation (193).  In Step 3, age 
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was entered into the model and in Step 4 SES category was entered based on their 
established negative relationship with physical activity participation.(193)  In addition, 
as time spent in sedentary, light, moderate, vigorous and MVPA activity were non-
parametric; they were accordingly adjusted and analysed separately in repeated 
regression analyses.  Therefore both the unadjusted and adjusted (normalised) 
multiple hierarchical regression models were conducted. 
 
Gender, age and SES differences in mean BMI and waist circumference were 
examined using Mann-Whitney U-tests (medians).  Kruskal-Wallis tests with post-
hoc multi-comparison adjustment [alpha/k(k-1)]  through the kwallis2 STATA 
command(292) were also used to initially detect any ethnic differences in BMI and 
waist circumference with fisher’s exact test used to detect any significant differences 
in overweight or obesity proportions.  Several multiple hierarchical regression 
models were created to examine the relationship between ethnicity, BMI or WC 
whilst accounting for gender, age and SES. In Step 1, the three ethnicity categories 
were entered into the regression model (Anglo-Australian, Chinese-Australian and 
South-East Asian).  In Step 2, age as a continuous variable was entered into the 
regression model since BMI increases with age.(293, 294) In Step 3, gender as a 
categorical variable was entered into the regression model due to the inconsistent 
relationship between gender and BMI.(11, 294) In the  final step, Step 4 included SES 
category due to the higher prevalence of obesity among low SES Australian school 
children.(13) Again, unadjusted and adjusted regression models were conducted  
 
Hierarchical multiple regression analyses(263) were used to examine the relationship 
between BMI/waist circumference and objectively measured light-intensity physical 
activity, MVPA and sedentary time whilst accounting for age, gender and SES status.  
In Step 1, mean daily spent sedentary time (mins.d-1) was entered into the regression 
model based on a previously observed positive relationship with BMI.(193)  In Step 2 
and Step 3, time spent in daily MVPA and light-intensity physical activity (mins.d-1) 
was entered into the model separately.  In Step 4, gender and age were entered into 
the regression model respectively since BMI increases with age(293, 294)  and an 
inconsistent relationship with gender and BMI has been observed.(11, 294)  In the final 
step (Step 5), SES category was entered into the model due to the higher prevalence 
of obesity among low SES Australian school children.(13)  These regression models 
were repeated for each ethnicity group and with waist circumference as the 
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dependent variable.  Since time spent in sedentary, light, MVPA and BMI and waist 
circumference were not normally distributed, they were accordingly adjusted by 
examining all common logarithm (log) transformations (see Chapter 5.4.6).  A 
separate series of adjusted and unadjusted regression analyses were conducted. 
 
Kruskal-Wallis tests with post-hoc multiple comparison  adjustment [alpha/k(k-1)]  
through the kwallis2 STATA command(292) were used to examine significant median 
differences in responses to the 37 psychological and social items from the CAPANS-
BA questionnaire.  This step was also repeated for the eight factor structure of the 
CAPANS-BA questionnaire (see Chapter 4.4.3).  Multiple hierarchical regression 
analyses were subsequently carried out to examine the relationship between the 8 
factors and adjusted and unadjusted time spent (mins.d-1) in daily sedentary, light and 
MVPA.  In Step 1 to Step 8, each of the factors were entered into the regression 
model individually (Social – Family friend support; Psychological – Perceived 
barriers; Social – Parental co-participation/fear; Psychological – Preference/attitude; 
Social- Family education beliefs; Psychological – Negative outcome expectation;  
Psychological – Positive outcome expectation;  and Psychological – Personal 
benefits).  As outlined in Chapter 4.4, each factor has been examined for a possible 
correlation with self-reported MVPA, with all but the Psychological – Negative 
outcome expectation suggesting a positive relationship with MVPA.  Therefore, it 
was hypothesised that all but the Psychological - Negative outcome expectation 
factor would be positively associated with MVPA participation.  In Step 9, gender 
and age were entered into the regression model  and SES category into Step 10 to 
control for their documented influence on physical activity.(193)  A separate series of 
unadjusted and adjusted regression models were conducted. 
 
Finally, participation in MVPA was compared to the current Australian National 
Physical Activity Recommendations for youth aged 12-18 years.(142)  These 
guidelines recommend youth engage in at least 60 minutes of MVPA per day to 
maintain health. The ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method was used where total duration in 
MVPA was summed and divided by the number of days of monitoring.(295) 
 
5.4 Conclusion 
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Chapter 5 sought to highlight the issues faced with measurement selection and 
interpretation when using accelerometry in research among adolescents.  In addition, 
the chapter sought to describe and provide a rationale for the selection of all 
measures in the CAAHS and a detailed description of the data management 
decisions.  The proceeding chapters (Chapter 6 to 8) present the results of the 
CAAHS study in the following order: 
Chapter 6.  Physical activity, sedentary behaviour and overweight and 
obesity rates among a sample of Chinese-Australian, South-East 
Asian and Anglo-Australian adolescents; 
Chapter 7. Relationship between physical activity, sedentary time and 
BMI/waist circumference among a sample of Chinese-Australian, 
South-East Asian and Anglo-Australian adolescents; and 
Chapter 8. Potential correlates of physical activity and sedentary time 
among a sample of Chinese-Australian, South-East Asian and Anglo-
Australian adolescents. 
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Chapter 6. Physical activity, sedentary behaviour and 
overweight and obesity rates among a sample of 
Chinese-Australian, South-East Asian and Anglo-
Australian adolescents  
6.1 Introduction 
Regular physical activity participation and maintenance of healthy weight is 
important for all adolescents, but especially for Chinese adolescents.  As highlighted 
in Chapter 2, Asian youth tend to engage in lower levels of physical activity and 
greater levels of sedentary behaviour than their non-CALD peers (typically European 
background).(29, 30, 32-34, 36-39)  In addition, Asian youth typically have a higher 
percentage body fat than their predominantly European counterparts, (14-17, 109-111)  
which tends to be exhibited as abdominal obesity.(14, 113, 115) Therefore, early 
detection and prevention strategies are needed as obesity has a high degree of 
tracking from childhood into adulthood (6, 283) with some degree of tracking evident 
for physical activity.(140, 141)  However, prior to the implementation of potential 
interventions an understanding of the current physical activity, sedentary behaviours 
and overweight and obesity rates among Asian adolescents in Australia is firstly 
needed.  Thus, the Chinese and Australian Adolescents Health Study (CAAHS) 
aimed to identify if there is a need for intervention among the important and growing 
Chinese-Australian adolescent community,(40, 47)  in addition to highlighting unique 
intervention opportunities and strategies.   
 
The purpose of Chapter 6 is to firstly describe the characteristics of participants 
enrolled into the CAAHS.  This chapter also examines patterns of physical activity 
and sedentary behaviour, in addition to rates of overweight and obesity.  
Demographic, socioeconomic and differences in physical activity, sedentary 
behaviour and anthropometric indices between Chinese-Australian, Anglo-Australian 
and South-East Asian adolescents are also examined.  It should be noted that the 
aims of this chapter have been adapted to incorporate South-East Asian adolescents, 
due to their inclusion which differs from the original aims of the CAAHS (Chapter 
5.3).  The incorporation of South-East Asian adolescents into the aims is repeated in 
Chapter 7 and 8. 
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6.2 Aims 
1.  To investigate patterns of MVPA and sedentary behaviour participation 
among a sample of Chinese-Australian, South-East Asian and Anglo-
Australian adolescents aged 12 to16 years; 
2.  To examine the prevalence of overweight and obesity among a sample of 
Chinese-Australian, South-East Asian and Anglo-Australian adolescents aged 
12 to16 years; and 
3.  To compare any differences in physical activity, sedentary behaviour, 
overweight and obesity and abdominal obesity between Chinese-Australian, 
South-East Asian and Anglo-Australian adolescents aged 12 to16 years. 
 
6.3 Methods  
Chapter 5 provides a detailed description of the methodology used in the CAAHS 
(instrument selection, sample and recruitment, procedure, measures and data 
management). 
6.3.1 Statistical analyses 
Mann-Whitney U-tests (medians) and Kruskal-Wallis tests with post-hoc multi-
comparison adjustment were carried out to examine significant median differences 
between the independent variables (e.g. gender, age category, SES, ethniciy 
category) and each of the dependent variables (e.g. height, weight, BMI, light-
intensity PA, MVPA, sedentary time).  Paired-sample Wilcoxon signed-ranked tests 
were used to examine significant differences in self-reported MVPA and 
accelerometry derived MVPA, this was repeated for sedentary time.  Pearson’s chi-
square tests and Fisher’s exact tests were used to examine differences in frequencies 
or proportions of categorical variables.  All of the independent variables were 
continuous and none were normally distributed, therefore,  to increase the robustness 
of the statistical tests they were adjusted by examining all common logarithm (log) 
transformations using the gladder command in STATA and selecting the most 
appropriate (as outlined in Chapter 5).  These variables were adjusted and a series of 
adjusted and unadjusted regression analyses were conducted. 
 
Multiple hierarchical linear regression analyses(263) were used to examine the 
relationship between ethnicity and various intensities of physical activity whilst 
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accounting for age, gender and SES status.  In Step 1, the three ethnicity categories 
(Anglo-Australian, Chinese-Australian and South-East Asian) were entered into the 
regression model.  In Step 2, gender was entered into the regression model as it has 
been demonstrated that gender (being male) positively influences physical activity 
participation.(193)  In Step 3, age as a continuous variable was entered into the model 
based on the established negative relationship with physical activity participation.(193) 
In Step 4, SES category was entered into the model based on the negative influence 
on physical activity participation.(193)   
 
A separate series of multiple hierarchical linear regression models were conducted to 
examine the relationship between ethnicity and BMI or waist circumference. 
In Step 1, the three ethnicity categories were entered into the regression model 
(Anglo-Australian, Chinese-Australian and South-East Asian).  In Step 2, age as a 
continuous variable was entered into the regression model since BMI increases with 
age.(293, 294) In Step 3, gender as a categorical variable was entered into the regression 
model due to the inconsistent relationship between gender and BMI.(11, 294) In the  
final step, Step 4 included SES category due to the higher prevalence of obesity 
among low SES Australian school children.(13) Again, unadjusted and adjusted 
regression models were conducted and analysed separately. 
 
6.4 Results  
6.4.1 Characteristics of participants 
The final sample comprised 286 adolescents who had complete anthropometric and 
questionnaire data.  The ethnic background of participants was 35% Chinese-
Australian, Anglo-Australian (38.5%) and South-East Asian (26.5%) adolescents 
(Table 6.1).  The median age of participants was 13.0 (IQR = 13.0, 14.0 years) with 
slightly more girls (56%) than boys (44%) participating.  There were no significant 
differences in the SES background of boys and girls; however, the majority of 
participants were from a high SES background (67%). Boys were significantly taller 
than girls and had a lower median number of complete accelerometry monitoring 
days during the week (P<0.01).  In general, the typical participant recorded 6.0 (IQR 
= 5.0, 7.0 days) complete days of accelerometry at ≥500 mins.d-1. 
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Table 6.1 Summary characteristics of participants (median + IQR) 
 N Boys N Girls N Overall 
Age (yr) 125  13.0 (13.0, 14.0)  161 13.0 (12.0, 14.0) 286 13.0 (13.0, 14.0)  
Ethnicity (%)        
Anglo-Australian  44  35.2% 66 41.0% 110 38.5%  
Chinese-Australian  45  36.0% 55 34.2% 100 35.0% 
South-East Asian  36  28.8% 40 24.8% 76 26.5% 
High SES (%)£ 83 66.9% 106 66.7% 189 66.9% 
Height (cm) 125  162.5 (155.1, 170.9) 161 159.3 (155.5, 164.0)** 286 160.5(155.2, 166.8) 
Weight (kg) 125  51.3 (45.8, 60.8)  161 51.7 (46.2, 57.4)  286 53.3 (46.0, 59.3)  
WC (cm) 124  68.1 (64.4, 72.8)  161 67.2 (63.4, 71.2) 285 67.5 (63.7, 72.1)  
BMI (kg/m2) 125  19.7 (17.9, 21.5)  161 20.2 (18.6, 22.3) 286 20.0 (18.4, 22.0)  
Valid weekdays☼ 107  4.0 (3.0, 5.0)  144 5.0 (4.0, 5.0)**  251 5.0 (3.0, 5.0)  
Valid weekend days☼  97  2.0 (1.0, 3.0)  132 2.0 (1.0, 3.0) 229 2.0 (1.0, 3.0) 
Total valid days☼ 109  6.0 (4.0, 7.0)  146 6.0 (5.0, 7.0)  255 6.0 (5.0, 7.0)  
Mann-Whitney U-tests (medians) to determine mean difference between boys and girls, where ** = 
p<0.01; Chi-square tests and subsequent fisher’s exact test were used to examine differences in 
proportions; IQR = Interquartile range; £ = high SES category based on an IRSD ≥ 1000, and ☼ = 
valid day of accelerometry based on ≥ 500 mins.d-1 of monitoring. 
 
Table 6.2 presents the same summary characteristics by ethnicity category.  There 
were no differences in the proportion of boys and girls recruited into each ethnicity 
category.  However, there was a significant difference in the SES background of 
participants with 77% of Anglo-Australian, 71% of Chinese-Australian and 47% of 
South-East Asian adolescents coming from a high SES background (x2 = 18.54; df = 
1; P<0.001).   Anglo-Australian and Chinese-Australian adolescents did not 
significantly vary for median age, height or weight.  In contrast, South-East Asian 
adolescents differed significantly to Anglo-Australian adolescents on several key 
variables; they were slightly younger, shorter and lighter (P<0.05).  South-East Asian 
adolescents were also slightly shorter than Chinese-Australian adolescents (P<0.05).  
There were no significant differences in the number of complete accelerometry 
monitoring days between ethnic groups. 
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Table 6.2 Ethnic differences in participant characteristics (median + IQR) 
 
N Anglo- 
Australian 
N Chinese-
Australian 
N South-East Asian 
Age (yr) 110 14.0 (13.1, 15.3) 100 13.8 (13.1, 14.6) 76 13.8 (12.8, 14.4)+ 
Girls (%) 66 60.0% 55 55.0% 40 52.6% 
High SES (%)£ 83 76.9% 70 70.7% 36 47.4% 
Height (cm) 110 162.7 (158.4, 169.5) 100 160.2 (154.7, 167.0) 76 157.3 (152.4, 162.6)+ Ώ
Weight (kg) 110 53.9 (48.3, 63.7) 100 51.1 (45.6, 58.4) 76 49.6 (44.2, 54.4)+ 
Valid weekdays 105 4.0 (4.0, 5.0) 84 5.0 (3.0, 5.0) 62 5.0 (3.0, 5.0) 
Valid weekend days 84 2.0 (1.0, 3.0) 84 2.0 (1.0, 3.0) 61 2.0 (1.0, 3.0) 
Total valid days 105 6.0 (5.0, 7.0) 87 6.0 (4.0, 7.0) 63 6.0 (5.0, 7.0) 
Kruskal-Wallis test with post-hoc multi comparison adjustment were used to compare differences 
between Anglo-Australian, Chinese-Australian and South-East Asian adolescents; Chi-square tests 
were used to examine differences in proportions; ; £ = high SES category based on an IRSD ≥ 1000; + 
= South-East Asian adolescents significantly different from Anglo-Australian (P<0.01); and Ώ = 
South-East Asian adolescents significantly different from Chinese-Australian adolescents (P<0.01). 
6.4.2. Univariate analyses of demographic and socioeconomic 
differences in daily physical activity and sedentary time by 
accelerometry 
Median duration of daily (Mon-Sun) physical activity and sedentary time is 
presented in Figure 6.1 by gender, Figure 6.2 by age group and Figure 6.3 by 
socioeconomic status. A typical participant spent a median of almost nine hours per 
day (hrs.d-1) in sedentary time, half-an-hour in MVPA, and over three hours in light-
intensity physical activity. Vigorous-intensity physical activity was almost negligible 
with a median of less than one minute recorded for the overall sample (0.2; IQR = 
0.0, 0.6 mins.day-1). Significant gender differences were observed between boys (0.3; 
IQR = 0.0, 0.6 mins.day-1) and girls (0.1; IQR = 0.0, 0.5 mins.day-1), (P<0.05).  In 
general, boys engaged in significantly higher amounts of MVPA and moderate-
intensity physical activity than girls (P<0.001), which was reflected in higher median 
activity counts per minute and lower mean sedentary duration (P<0.001).  
Interestingly, there were no gender differences in daily light-intensity activity. 
Participants from a higher SES background engaged in significantly higher amounts 
light-intensity activity compared to low SES participants.  Younger adolescents (12-
13y) also engaged in significantly more daily MVPA than older adolescents (14-16y) 
(P<0.001).   
 
Compliance with the national physical activity guidelines (≥ 60 mins.d-1of 
MVPA)(142) was examined using accelerometry data, however, only 6 participants 
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(3%) achieved adherence using the ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method(4) and thus this 
variable was not investigated for any demographic trends.   
Figure 6.1 Gender differences in daily physical activity and sedentary time 
(median + IQR)# 
 
# = Median value and IQR based on ≥ 3-days of monitoring (including 1 weekend day); and *** = 
Mann-Whitney U-tests to determine difference (medians) between boys and girls (p<0.001). 
 
Figure 6.2 Age differences in daily physical activity and sedentary time (median 
+ IQR)# 
 
Median value and IQR based on ≥ 3-days of monitoring (including 1 weekend day); and *** = Mann-
Whitney U-tests to determine difference (medians) between older (14-16y) and younger (12-13y) 
participants (p<0.001). 
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Figure 6.3 SES differences in daily physical activity and sedentary time (median 
+ IQR)# 
 
Median value and IQR based on ≥ 3-days of monitoring (including 1 weekend day); and *** = Mann-
Whitney U-tests to determine difference (medians) between low (IRSD ≤ 999) and high (IRSD ≥ 
1000) SES participants (p<0.05). 
6.4.3 Ethnic differences in daily physical activity and sedentary time by 
accelerometry  
Differences in daily physical activity and sedentary time by ethnicity category are 
presented in Figure 6.4.  Compared to Anglo-Australian adolescents, Chinese-
Australian and South-East Asian adolescents typically had lower total physical 
activity counts per minute and light-intensity physical activity minutes and had more 
sedentary time per day (P<0.01). Chinese-Australian and South-East Asian 
adolescents engaged in approximately 37 minutes more sedentary minutes per day 
than Anglo-Australian adolescents.  In addition, Anglo-Australian adolescents 
engaged in 55-61 mins.d-1 more light-intensity physical activity than both Chinese-
Australian and South-East Asian adolescents (P<0.01).   
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Figure 6.4 Ethnic differences in daily physical activity and sedentary time 
(median + IQR)# 
 
# = Median value and IQR based on ≥ 3-days of monitoring (including 1 weekend day); Kruskal-
Wallis test with post-hoc multi comparison adjustment were used to compare differences between 
Anglo-Australian, Chinese-Australian and South-East Asian adolescents; Φ = Chinese-Australian 
adolescents differ significantly from Anglo-Australian (P<0.01); and +  =  South-East Asian 
adolescents differed significantly from Anglo-Australian (P<0.01). 
 
 
Ethnic differences in daily participation during the week and on the weekend  
Differences in daily weekday (Monday-Friday) and weekend (Saturday-Sunday) 
physical activity participation between Chinese-Australian, South-East Asian and 
Anglo-Australian adolescents are presented in Tables 6.3.  In general, Chinese-
Australian and South-East Asian adolescent had  significantly lower median total 
physical activity counts per minute and spent less time in light-intensity physical 
activity than Anglo-Australian adolescents during the week and on the weekends 
(P<0.01).  However, sedentary time was only significantly different for weekday 
participation, with Chinese-Australian and South-East Asian adolescents engaging in 
significantly higher sedentary activity compared to Anglo-Australian adolescents 
(P<0.01).  Notable differences were also evident for duration spent in MVPA by 
adolescents during the week and on the weekend.  Chinese-Australian adolescents 
engaged in approximately 28 mins.d-1 of MVPA during the week, which was reduced 
to approximately11 mins.d-1 on the weekend.  A similar pattern emerged for South-
East Asian and Anglo-Australian adolescents, with MVPA participation higher 
during the week than on the weekend. 
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Table 6.3 Daily weekday and weekend participation by ethnic group (median + 
IQR)# 
 (N) Anglo-
Australian 
(N) Chinese- 
Australian 
(N) South-East 
Asian 
Weekday 
Total PA (counts.min-1)⌂ 
93 601.1 
(488.9, 714.0) 
59 518.6Φ 
(410.2, 519.6) 
50 495.6+ 
(429.6, 642.9) 
Weekend 
Total PA (counts.min-1)# 
83 371.5 
(290.0, 517.9) 
72 277.8Φ 
(240.4, 369.4) 
57 299.8 + 
(251.6. 387.2) 
Weekday 
Sedentary (min.d-1) ⌂ 
93 517.9 
(461.9, 567.7) 
59 573.5 Φ 
(521.4, 632.0) 
50 567.3+ 
(533.1, 604.6) 
Weekend 
Sedentary (min.d-1) # 
83 482.3 
(410.5, 539.0) 
72 520.9 
(455.1, 559.0) 
57 482.0 
(445.7, 532.3) 
Weekday 
Light (min.d-1)⌂ 
93 221.8 
(190.5, 246.4) 
59 174.1Φ 
(142.3, 194.5) 
50 172.5+ 
(150.6, 196.2) 
Weekend 
Light (min.d-1)# 
83 215.3 
(167.5, 270.5) 
72 148.0Φ 
(123.8, 174) 
57 168.0+ Ώ 
(141.0, 211.8) 
Weekday 
MVPA (min.d-1) ⌂ 
93 29.4 
(17.7, 46.8) 
59 27.8 
(19.0, 39.4) 
50 25.7 
(12.8, 40.6) 
Weekend 
MVPA (min.d-1)# 
82 15.9 
(6.5, 31.3) 
72 11.1 
(7.5, 18.9) 
57 12.0 
(7.8. 19.0) 
Kruskal-Wallis test with post-hoc multi comparison adjustment were used to compare differences 
between Anglo-Australian, Chinese-Australian and South-East Asian adolescents; Φ = Chinese-
Australian adolescents differ significantly from Anglo-Australian (P<0.01).; + =  South-East Asian 
adolescents significantly different from Anglo-Australian (P<0.01); ); Ώ = South-East Asian 
adolescents significantly different from Chinese-Australian adolescents (P<0.01);  ⌂ = Greater than 
500 mins.d-1 of monitoring over = > (greater than or equal to) 3 weekdays; and  # = Greater than 500 
mins.d-1 of monitoring over = > (greater than or equal to) 1 weekend days. 
 
Adherence to the national physical activity guidelines was also investigated for 
weekday and weekend MVPA.  Overall, 7% of participants (N = 14) met the national 
recommendation for weekday participation when using the ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ 
method, and was not investigated for significant ethnicity differences in compliance 
due to low numbers.(4) However, of the 14 participants that met the guidelines, nine 
were Anglo-Australian, two were Chinese-Australian and three were South-East 
Asian.  For weekend participation, only 3% of participants (N = 7) met the 
guidelines, and were all Anglo-Australian. 
 
6.4.4 Multivariate analyses of differences in daily physical activity and 
sedentary time by ethnicity group 
Differences in daily physical activity were examined using multiple hierarchical 
regression analyses.  As time spent in various activity intensities was not normally 
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distributed, regression models were run based on unadjusted (Table 6.4) and adjusted 
(Appendix 13) regression models.  These analyses showed that the amount of 
variance explained in each step did not vary significantly, thus the unadjusted models 
are presented and discussed for ease of interpretation, with the adjusted models 
presented in Appendix 12. 
 
In the multiple linear regression analyses containing ethnic group, gender, age and 
SES category, all independent variables except for SES category were significantly 
associated with daily MVPA duration (mins.d-1).  Ethnicity explained only 1% of the 
variance in MVPA, whereas gender (13%) and age (12%) explained a considerably 
greater proportion of the variance.  Significant ethnic differences were observed in 
MVPA with Chinese-Australian adolescents (E = -5.4, 95% CI:-10.48; -0.35 
mins.day-1) and South-East Asian adolescents (E= -7.9, 95% CI:-14.38; -1.47 
mins.day-1) engaging in significantly less MVPA per day compared Anglo-
Australian adolescents, after adjusting for covariates and school-level clustering.  In 
addition, girls engaged in less MVPA than boys (E = -11.0, 95% CI:-15.01; -6.94 
mins.day-1) and each additional year of age corresponded to less daily MVPA 
participation (E = -4.3, 95% CI:-5.66; -2.91 mins.day-1).  A similar pattern emerged 
for daily time spent in moderate-intensity physical activity, which was the 
predominant contributor to MVPA participation. 
 
Examination of daily sedentary time revealed ethnicity (6%) and gender (6%) 
explained the largest proportion of the variance in participation, ahead of age (3%) 
and socioeconomic status (0%). Daily sedentary time was also significantly 
associated with gender and ethnicity group.  In the full hierarchical regression model 
Chinese-Australian adolescents (E= 40.7, 95% CI: 19.53; 61.94 mins.day-1) and 
South-East Asian adolescents (E= 39.5, 95% CI: 18.96; 60.00 mins.day-1) engaged in 
significantly more sedentary time per day than Anglo-Australian adolescents.  In 
addition, girls engaged in more sedentary time than boys (E= 34.9, 95% CI: 16.85; 
52.96 mins.day-1). Interestingly, only ethnicity was significantly associated with 
light-intensity physical activity in the final regression model, with Chinese-
Australian (E= -58.2, 95% CI: -80.01; -36.47 mins.day-1) and South-East Asian 
adolescents (E= -49.5, 95% CI: -78.30; -20.61 mins.day-1) engaging in significantly 
less light-intensity physical activity than Anglo-Australian adolescents.  Whilst 
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vigorous-intensity physical activity was significantly associated with age and being 
of South-East Asian ethnicity, these relationships are not meaningful given that the 
mean duration in this intensity of physical activity was less than one minute overall.  
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Table 6.4 Hierarchical regression analyses examining ethnic differences in daily# (mins.d-1) participation (β + 95% CI) 
 Sedentary Light Moderate Vigorous MVPA 
Step 1. (R2 = 0.06) (R2 = 0.28) (R2 = 0.01) (R2 = 0.01) (R2 = 0.01) 
Ethnicity      
Anglo-Australian REF REF REF REF REF 
Chinese-Australian 34.9** (18.37; 51.36) -56.4 *** (-79.34; -33.48) -2.9 (-7.52; 1.65) -0.2 (-0.50; 0.17) -3.1 (-7.66; 1.47) 
South-East Asian 28.8** (13.04; 44.61) -47.9 ** (-74.48; -21.25) -3.7 (11.22; 3.74) -0.3 (-0.63; 0.07) -4.0 (-11.67; 3.63) 
Step 2.      
Ethnicity (R2 = 0.12; ΔR2=0.06) (R2 = 0.28; ΔR2=0.00) (R2 = 0.14; ΔR2=0.13) (R2 = 0.02; ΔR2=0.01) (R2 = 0.14; ΔR2=0.13) 
Anglo-Australian REF REF REF REF REF 
Chinese-Australian 36.1*** (19.49; 52.69) -56.6 *** (-79.06; -34.19) -3.3 (-7.61; 0.98) -0.2 (-0.51; 0.18) -3.5 (-7.78; 0.81) 
Other- Asian 31.3*** (20.01; 42.66) -48.3 ** (-74.66; -21.94) -4.5 (-10.33; 1.30) -0.3 (-0.63; 0.05) -4.8 (-10.76; 1.15) 
Gender      
Boys REF REF REF REF REF 
Girls 35.0*** (17.87; 52.10) -6.1 (-21.61; 9.43) -10.8 *** (-14.20; -7.44) -0.1 (-0.43; 0.16) -11.0*** (-14.50; -7.40) 
Step 3.      
Ethnicity (R2 = 0.15; ΔR2=0.03) (R2 = 0.29; ΔR2=0.01) (R2 = 0.25; ΔR2=0.11) (R2 = 0.09; ΔR2=0.07) (R2 = 0.26; ΔR2=0.12) 
Anglo-Australian REF REF REF REF REF 
Chinese-Australian 40.7** (20.23; 61.20) -58.8 *** (-82.47; -35.15) -5.2  (-10.45; 0.00) -0.3 (-0.72; 0.18) -5.5* (-10.84; -0.15) 
Other -Asian 39.4** (20.86; 57.90) -52.1 ** (-83.76; -20.46) -7.8 * (-14.12; -1.56) -0.5 * (-0.85; -0.09) -8.3* (-14.68; -1.94) 
Gender      
Boys REF REF REF REF REF 
Girls 34.9** (17.03; 52.81) -6.1 (-21.99; 9.86) -10.8 *** (-14.52; -7.06) -0.1 (-0.46; 0.19) -10.9*** (-14.87; -6.97) 
Age (years) 9.8 (-1.52; 21.09) -4.6 (-10.62; 1.36) -4.0 *** (-5.38; -2.71) -0.2 *** (-0.31; -0.12) -4.3*** (-5.60; -2.92) 
Continued over page 
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Table 6.4 Continued 
Step 4 Sedentary Light Moderate Vigorous MVPA 
Ethnicity (R2 = 0.15 ΔR2=0.00) (R2 = 0.30; ΔR2=0.01) (R2 = 0.25; ΔR2=0.00) (R2 = 0.10; ΔR2=0.01) (R2 = 0.26; ΔR2=0.00) 
Anglo-Australian REF REF REF REF REF 
Chinese-Australian 40.7** (19.53; 61.94) -58.2 *** (-80.01; -36.47) -5.1 * (-10.02; -0.24) -0.3 (-0.75; 0.19) -5.4* (-10.48; -0.35) 
South-East Asian 39.5** (18.96; 60.00) -49.5 ** (-78.30; -20.61) -7.4 * (-13.73; -1.09) -0.5 * (-0.94; -0.11) -7.9* (-14.38; -1.47) 
Gender      
Boys REF REF REF REF REF 
Girls 34.9** (16.85; 52.96) -6.4 (-21.78; 8.97) -10.9 *** (-14.68; -7.01) -0.1 (-0.43; 0.18) -11.0*** (-15.01; -6.94) 
Age (years) 9.8 (-1.50; 21.06) -4.8 (-10.88; 1.31) -4.1 *** (-5.44; -2.70) -0.2 *** (-0.30; -0.13) -4.3*** (-5.66; -2.91) 
SES      
High SES REF REF REF REF REF 
Low SES -0.4 (-18.63; 17.84) -10.2 (-23.00; 2.54) -1.7 (-5.24; 1.92) 0.2 (-0.03; 0.46) -1.5 (-5.08; 2.17) 
# = Based on ≥ 3-days of monitoring (including 1 weekend day); * = significant p<0.05; ** = significant p<0.01; *** = significant p<0.001; Low  SES = IRSD ≤ 999; High SES = 
IRSD ≥ 1000; β = beta coefficient and CI = 95% confidence interval.
6.4.5 Self-reported physical activity participation by ethnicity group 
Self-reported participation in the 32 different physical activities and optional two 
‘Other activity’ categories were used to investigate differences in type and duration 
spent in MVPA among ethnic groups.  Participation was not investigated for any 
other demographic difference (e.g. age, gender or SES) since the accelerometry 
derived data examined this differences in detail, and self-reported physical activity 
participation specifically addressed the third aim of this chapter by highlighting 
potential ethnic differences in physical activity, especially type. 
 
In general, Table 6.5 indicates median self-reported participation in weekday (Mon-
Fri), weekend (Sat or Sun) and weekly (Mon-Sun) MVPA did not vary significantly 
between ethnicity groups.  The large IQR for each variable highlights the 
heterogeneity in reported duration.  There were also no significant differences in the 
proportion of adolescents who met the national physical activity guidelines(142) using 
ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method(295)  and ranged between 60-68%.  When compared to 
accelerometry derived MVPA participation, self-reported duration was significantly 
higher for all ethnic groups for weekday, weekend and weekly activity using paired-
sample Wilcoxon signed-ranked tests (P<0.01). 
 
Table 6.5 Median duration (mins-d-1) spent in MVPA (median + IQR)# 
 (N) Anglo-
Australian 
(N) Chinese- 
Australian 
(N) South-East 
Asian 
Weekday MVPAa (Mon-Fri) 103 84.0 
(54.0, 123.0) 
99 94.0 
(62.0, 147.0) 
73 84.0 
(49.0, 130.8) 
Weekend MVPAa (Sat or Sun) 78 60.0 
(30.0, 95.0) 
73 45.0 
(15.0, 90.0) 
52 52.0 
(21.3, 82.5) 
Daily MVPAa (Mon-Sun) 105 75.7 
(50.0, 108.6) 
99 75.6 
(55.0, 117.1) 
73 71.4 
(44.3, 105.0) 
Met the NAPA guidelines  105 65.7% 99 67.7% 73 60.3% 
# Duration spent in MVPA was calculated by summing self-reported duration spent in the 32 activities 
and optional 2 ‘Other activity’ categories, differences in duration spent in MVPA was divided by the 
number of days of monitoring, the Kruskal-Wallis test with post-hoc multi comparison adjustment 
were used to compare differences between Anglo-Australian, Chinese-Australian and South-East 
Asian adolescents 
 
The 12 most-popular physical activities by each ethnicity group are presented in 
Table 6.6.  Nine activities were common to the top 12 activities of each of the three 
ethnic groups: Physical and Sport Education, household chores, walking to school, 
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walking for exercise, jogging/running, bike riding, tennis/table tennis, basketball and 
lap swimming. The differences between groups were the inclusion of playing with 
pets, walking the dog and trampolining among Anglo-Australian adolescents and 
soccer, tag/chasey and 4-square/downball among both Chinese-Australian and South-
East Asian adolescents.  The ranking and proportion of adolescents engaging in each 
activity varied according to the activity under investigation.  However, no significant 
differences in median duration spent in each activity was observed, however, this is 
highly indicative of the small proportion of adolescents who actually indicated they 
participated in the specific activity.  
 
 
  
Table 6.6 The 12 most popular physical activity types and reported weekly duration by ethnic group (median + IQR)# 
No. Anglo- Australian Chinese- 
Australian 
 
South-East Asian 
 
 Activity (N) Yes 
(%) 
Total Weekly 
Duration 
(mins.wk-1) 
Activity (N) Yes 
(%) 
Total Weekly 
Duration 
(mins.wk-1) 
Activity (N) Yes 
(%) 
Total Weekly 
Duration 
(mins.wk-1) 
1.  Household chores 93 77.4 60.0 (30.0, 130.0)  Physical  and Sport 
Education class 
96 90.1 120.0 (90.0, 165.0) Physical  and Sport        
Education class 
73 87.7 100.0 (70.0, 
150.0) 
2.  Physical  and Sport 
Education class 
95 71.6 122.0 (75.0, 200.0) Jogging or running 89 69.7 42.5 (20.0, 90.0) Household chores 71 73.2 40.0 (20.0, 70.0) 
3.  Travel by walking to 
school carrying load  
94 54.3 100.0 (30.0, 150.0) Household chores 92 55.4 60.0 (35.0, 110.0) Jogging or running 71 54.9 55.0 (20.0, 100.0) 
4.  Play with pets 93 53.8 50.0 (15.0, 95,0) Travel by walking to 
school carrying load  
89 53.9 75.0 (50.0, 100.0) Travel by walking to 
school carrying load  
72 48.6 50.0 (25.0, 90.0) 
5.  Walk for exercise 93 38.7 75.0 (30.0, 120.0) Walk for exercise 88 42.1 40.0 (20.0, 80.0) Tennis/Table tennis 71 39.4 60.0 (30.0, 140.0) 
6.  Jogging or running 92 38.0 50.0 (20.0, 95.0) Soccer 93 39.8 60.0 (40.0, 100.0) Walk for exercise 71 38.0 45.0 (25.0, 100.0) 
7.  Bike riding 93 35.5 90.0 (30.0, 180.0) Bike riding 90 37.8 60.0 (30.0, 120.0) Tag/ chasey 70 34.3 30.0 (15.0, 50.0) 
8.  Bounce on trampoline 94 33.0 32.5 (17.5, 62.5) Basketball 93 36.6 67.5 (45.0, 120.0) Soccer 72 33.3 60.0 (60.0, 120.0) 
9.  Tennis/Table tennis 92 27.2 60.0 (40.0, 180.0) Swimming laps 94 30.9 60.0 (30.0, 95.0) Basketball 71 32.4 60.0(40.0, 120.0) 
10.  Walk the dog 89 27.0 40.0 (30.0, 120.0) Tag/ chasey 93 30.1 30.0 (15.0, 60.0) Swimming laps 69 29.0 60.0 (30.0, 95.0) 
11.  Basketball 95 24.2 67.5 (35.0, 135.0) Tennis/Table tennis 95 27.4 75.0 (60.0, 100.0) Bike riding 70 27.1 50.0 (30.0, 70.0) 
12.  Swimming laps 99 24.2 60.0 (50.0, 120.0) 4 square/ Down ball 93 22.6 35.0 (20.0, 60.0) 4 square/ Down ball 70 24.3 20.0 (10.0, 30.0) 
# = Duration across teh entire week (Mon-Sun) and is not averaged
6.4.6 Self-reported sedentary behaviour participation by ethnic group 
Self-reported duration of sedentary behaviour was examined using the 14-item 
sedentary behaviour checklist.  Participation was not investigated for any other 
demographic difference (e.g. age, gender or SES) since the accelerometry derived 
data examined this differences in detail.  The self-reported sedentary behaviour 
participation data specifically addressed the third aim of this chapter by highlighting 
potential ethnic differences in sedentary behaviour, especially type.   
 
Table 6.7 presents the self-reported sedentary behaviour results and indicates that 
Chinese-Australian adolescents reported significantly greater duration in sedentary 
behaviour on the weekdays, weekend days and across the week compared to Anglo-
Australian adolescents (P<0.05).  In addition, Chinese-Australian adolescents self-
reported greater sedentary behaviour on the weekend compared to South-East Asian 
adolescents (P<0.01).  
 
When compared to accelerometry derived sedentary time participation, self-reported 
duration was significantly lower for all ethnic groups for weekday, weekend and 
weekly activity using paired-sample Wilcoxon signed-ranked tests (P<0.01), except 
for Chinese-Australian adolescents for weekend sedentary time.  Self-reported 
duration spent in weekend sedentary behaviour on the weekend among Chinese-
Australian adolescents was 533.8 (IQR = 422.5, 608.8) compared to accelerometry 
derived sedentary time 519.6 (IQR = 455.1, 553.4), (NS).  Note that these values vary 
from those presented below as data from 60 Chinese-Australian participants were used 
in these paired analyses. 
  
  
 - 204 - 
Table 6.7  Median duration (mins-d-1) spent in sedentary behaviour (median + 
IQR)# 
 (N) Anglo- 
Australian 
(N) Chinese- 
Australian 
(N) South-East 
Asian 
 
Weekday Sedentary (Mon-Fri) 91 213.0 
(120.0, 318.0) 
83 258.0 Φ 
(177.6, 258.0) 
60 233.0 
(185.0, 363.5) 
Weekend Sedentary (Sat or Sun) 86 365.0 
(205.0, 510.0) 
83 540.0 Φ 
(432.5, 637.5) 
58 423.8 Ώ 
(267.5, 545.0) 
Weekly Sedentary (Mon-Sun) 91 251.4 
(161.4, 359.3) 
83 321.4Φ 
(264.3, 430.7) 
60 286.8 
(212.1, 397.1) 
Kruskal-Wallis test with post-hoc multi comparison adjustment were used to compare differences 
between Anglo-Australian, Chinese-Australian and South-East Asian adolescents, Φ = Chinese-
Australian adolescents differ significantly from Anglo-Australian (P<0.01), Ώ = South-East Asian 
adolescents significantly different from Chinese-Australian adolescents (P<0.01); N = number of 
respondents for the question item; and # = Average participation was generated by summing 
participation in the 14-item sedentary behaviour checklist and dividing by the number of days of 
monitoring. 
 
Median daily duration spent in specific sedentary behaviours (small screen 
recreation, education, travel, cultural activities and social activities) across weekdays, 
weekend days and the whole week are presented in Table 6.8 by ethnic group.  
Several differences were observed for specific sedentary behaviours, however, 
consistently higher median participation in self-reported education related sedentary 
behaviours (homework/study, attend weekend cultural school and out of school-
hours tutoring) was evident among Chinese-Australian and South-East Asian 
adolescents, regardless of weekday, weekend or weekly, when compared to Anglo-
Australian adolescents (P<0.01).   
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Table 6.8 Median duration (mins-d-1) spent in specific sedentary behaviours 
median + IQR)# 
 Weekday 
Sedentary (Mon-
Fri) 
Weekend 
Sedentary 
(Sat or Sun) 
Weekly Sedentary 
(Mon-Sun) 
 N Median (IQR) N Median (IQR) N Median (IQR) 
 Small Screen Recreation 
Anglo- Australian 90 84.0 (48.0, 114.0) 84 130.0 (60.0, 232.5) 90 102.9 (61.4, 154.3) 
Chinese-Australian 81 72.0 (52.0, 144.0) 82 180.0 (95.0, 295.0) 83 12.9 (68.6, 204.3) 
South-East Asian 60 114.0 (60.0, 180.0) 53 180.0 (90.0, 255.0) 60 124.3 (77.9, 180.0) 
 Education 
Anglo- Australian 75 24.0 (12.0, 48.0) 47 60.0 (30.0, 120.0) 78 25.7 (8.6, 47.1) 
Chinese-Australian 78 60.0 Φ (36.0, 96.0) 79 165.0Φ (105.0, 240.0) 82 85.0 Φ (64.3, 135.0) 
South-East Asian 56 40.5 + (24.0, 84.0) 57 150.0 + (90.0, 180.0) 60 68.6 +  (52.5, 100.7) 
 Travel 
Anglo- Australian 57 24.0 (12.0, 36.0) 48 36.3 (21.3, 60.0) 69 20.0 (8.6, 37.1) 
Chinese-Australian 57 20.0 (10.0, 36.0) 50 26.3Φ (10.0, 45.0) 60 17.1 (8.6, 36.4) 
South-East Asian 40 20.0 (11.0, 40.0) 32 30.0 + (12.5, 40.0) 44 17.1 (9.3, 37.9) 
 Cultural Activities 
Anglo- Australian 70 38.0 (15.0, 72.0) 49 60.0 (40.0, 120.0) 72 38.6 (17.1, 72.9) 
Chinese-Australian 71 48.0 (24.0, 96.0) 60 60.0 (30.0, 120.0) 73 50.0 (25.7, 98.6) 
South-East Asian 47 36.0 Ώ (12.0, 58.0) 32 52.5 (25.0, 80.0) 49 30.0 Ώ (17.1, 51.4) 
 Social Activities 
Anglo- Australian 58 37.5 (12.0, 84.0) 49 90.0 (60.0, 240.0)  65 47.1 (17.1, 106.4) 
Chinese-Australian 44 28.5 (12.0, 62.0) 44  90.0 (35.0, 150.0) 55 34.3 (17.1, 77.1) 
South-East Asian 35 24.0 (12.0, 42.0) 31 60.0 (30.0, 90.0) 44 29.3 + (8.6, 49.3) 
Kruskal-Wallis test with post-hoc multi comparison adjustment were used to compare differences 
between Anglo-Australian, Chinese-Australian and South-East Asian adolescents;  Φ = Chinese-
Australian adolescents differ significantly from Anglo-Australian (P<0.01);+ =  South-East Asian 
adolescents significantly different from Anglo-Australian (P<0.01); Ώ = South-East Asian adolescents 
significantly different from Chinese-Australian adolescents (P<0.01); and # = Median participation 
was generated by summing participation in the 14-item sedentary behaviour checklist and dividing by 
the number of days of monitoring.
6.4.7 Univariate analyses of demographic and socioeconomic 
differences in BMI and waist circumference 
Table 6.1 (presented earlier) examined gender differences in median BMI and waist 
circumference of participants, with no-significant differences detected.  Table 6.9 
furthers the demographic investigation by examining if age category or 
socioeconomic category significantly influenced median BMI or waist 
circumference. Increasing age was associated with a significantly higher median 
BMI and waist circumference in this study. 
Table 6.9 Age and SES differences in BMI and waist circumference (median + 
IQR)# 
   Age   SES 
 (N) 12-13 (N) 14-16 (N) Low (N) High 
BMI (kg/m2) 163 19.4 
(17.8, 21.5) 
123 20.5** 
(18.9, 22.5) 
94 19.8 
(18.7, 22.1) 
189 20.0 
(18.4, 21.9) 
WC (cm) 162 66.8 
(62.4, 70.0) 
123 69.3 *** 
(65.4, 73.3) 
94 67.5 
(63.5, 71.3) 
188 68.0 
(63.7, 72.6) 
WC = waist circumference; Mann-Whitney U-tests to determine difference (medians) 
between older (14-16y) and younger (12-13y) participants and low (IRSD ≤ 999) and 
high (IRSD ≥ 1000) SES participants,  ** = p<0.01, and *** = P<0.001. 
 
6.4.8 Ethnic differences in BMI and waist circumference 
Ethnic differences in median BMI and waist circumference are presented in Figure 
6.5.   There were no significant differences in median BMI between groups, 
however, median waist circumference among Chinese-Australian and South-East 
Asian adolescents was significantly lower when compared to than Anglo-Australian 
adolescents. 
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Figure 6.5 Ethnic differences in BMI and waist circumference (median + IQR) 
 
Kruskal-Wallis test with post-hoc multi comparison adjustment were used to compare differences 
between Anglo-Australian, Chinese-Australian and South-East Asian adolescents; Φ = Chinese-
Australian adolescents differ significantly from Anglo-Australian (P<0.01); and +  =  South-East Asian 
adolescents differed significantly from Anglo-Australian (P<0.01). 
 
6.4.9 Multivariate analyses of ethnic differences in BMI and waist 
circumference 
Multiple hierarchical linear regression analyses containing ethnic group, gender, age 
and SES category were performed to determine levels of association with mean BMI 
and waist-circumference.  Adjusted and unadjusted regression models were 
examined and since the amount of variance in each step did not vary significantly for 
each step, the unadjusted models are presented and discussed in Table 6.10.  
Appendix 14 presents the adjusted models.  
 
In the regression analyses, ethnicity category (1%), gender (1%) and SES category 
(0%) explained a small proportion of the variance in BMI, with age being the biggest 
contributor at (4%).  In contrast, ethnicity category (3%) explained slightly more of 
the variance in waist circumference, with gender (2%), age (4%) and SES category 
(0%) explaining a similar proportion of the variance in waist circumference as seen 
with the BMI.  In the final model, increasing age was the only variable significantly 
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associated with BMI (E = 0.5, 95% CI: 0.27; 0.81 kg/m2) and WC (E = 1.5, 95% CI: 
1.07; 1.84 cm).  
Table 6.10 Hierarchical regression analyses examining ethnic differences in 
BMI and waist circumference (β + 95% CI) 
 BMI⌂  Waist 
circumference 
Step 1. (R2 = 0.01) (R2 = 0.03) 
Ethnicity   
Anglo-Australian REF REF 
Chinese- Australian -0.6 (-1.51; 0.27) -2.9 (-6.54; 0.79) 
South-East Asian -0.7  (-1.74; 0.26) -3.2 (-7.09; 0.66) 
Step 2.    
Ethnicity  (R2 = 0.02; ΔR2=0.01)  (R2 = 0.05; ΔR2=0.02) 
Anglo-Australian REF REF 
Chinese-Australian -0.6 (-1.53; 0.35) -3.0 (-6.51; 0.60) 
South-East Asian -0.7 (-1.73; 0.32) -3.4 (-7.20; 0.53) 
Gender   
Boys REF REF 
Girls 0.5 (-0.45; 1.40) -1.7 (-3.71; 0.33) 
Step 3.    
Ethnicity  (R2 = 0.06; ΔR2=0.04)  (R2 = 0.09; ΔR2=0.04) 
Anglo-Australian REF REF 
Chinese-Australian -0.4 (-1.23; 0.36) -2.5 (-5.75; 0.66) 
South-East Asian -0.4 (-1.25; 0.41) -2.6 (-5.94; 0.81) 
Gender   
Boys REF REF 
Girls 0.5 (-0.34; 1.42) -1.5 (-3.44; 0.43) 
Age (years) 0.5 *** (0.26; 0.81) 1.5 *** (1.06; 1.85) 
Step 4.   
Ethnicity  (R2 = 0.06; ΔR2=0.00)  (R2 = 0.09; ΔR2=0.00) 
Anglo-Australian REF REF 
Chinese-Australian -0.4 (-1.24; 0.36) -2.5 (-5.65; 0.59) 
South-East Asian -0.5 (-1.25; 0.34) -2.5 (-5.63; 0.61) 
Gender   
Boys REF REF 
Girls 0.5  (-0.34; 1.42) -1.5 (-3.43; 0.43) 
Age (years) 0.5 *** (0.27; 0.81) 1.5 *** (1.07; 1.84) 
SES   
High SES REF REF 
Low SES 0.1 (-0.54; 0.78) -0.2 (-2.04; 1.63) 
 ⌂ = Body Mass Index (BMI) and was derived from the equation (kg/m2), * = significant p<0.05, 
** = significant p<0.01, *** = significant p<0.001, Low SES = IRSD ≤999; High SES = IRSD ≥ 
1000; β = beta coefficient and CI = 95% confidence interval.
6.4.10 Demographic and socioeconomic differences in normal weight, 
overweight and obesity by various BMI growth references 
The WHO,(78) IOTF,(77) and WGOC(101) (Chinese-Australian adolescents only) BMI 
growth references were used to examine the proportion of participants classified as 
normal weight, overweight or obese.   Table 6.11 presents the proportion of 
adolescents classified into each group based on the particular age and sex-specific 
growth reference.  Chi-square tests and subsequent fisher’s exact test were used to 
detect any demographic differences in the proportion of participants classified as 
normal weight, overweight or obese.   No significant gender or ethnic differences 
were observed in the proportion of adolescents defined as normal weight, overweight 
or obesity using the IOTF or WHO BMI growth reference. 
 
Table 6.11 Demographic differences in normal weight, overweight and obesity  
 N Normal weight (%) Overweight /obesity (%)  
  IOTF WHO WGOC      IOTF     WHO WGOC 
Overall sample  286 83.5  77.6  N/A 
 
13.3 / 3.2* 
 
17.5 / 4.9 
 
N/A 
 
Boys  
 
125 84.0 78.4 N/A 12.0/4.0* 16.8/4.8 N/A 
Girls  
 
161 83.2 77.0 N/A 14.3/2.5* 18.0/5.0 N/A 
Anglo-Australian  110 80.0  
 
77. 3  
 
N/A 16.4 / 3.6* 
  
16.4 / 6.4 
 
N/A 
Chinese- Australian  
 
100 84.0  
 
78.0 
  
82.0 
 
14.0 / 2.0*Φ 
 
18.0 / 4.0 Φ 
 
13.0 / 5.0 
 
South-East Asian 
 
76 88.2  
 
77.6  
 
N/A 7.9 / 3.9*  
 
18.4 /  4.0 
 
N/A 
* = significant difference in the combined prevalence of overweight and obesity between the IOTF 
and WHO BMI growth reference (P<0.001), Φ = significant difference in the combined prevalence of 
overweight and obesity using the IOTF and WHO BMI growth reference compared to the WGOC 
among Chinese-Australian adolescents only. 
 
When contrasting the two international growth references, a significantly higher 
proportion of participants were classified as overweight or obese (combined) using 
the WHO growth reference (22.8%,overall sample) compared to the IOTF (16.5%, 
overall sample) (x2 = 195.09; df = 1; P<0.001).  This was largely reflected by an 
increase in the number of persons being classified as overweight when using the 
WHO growth reference.  This was also true for all ethnic groups with a higher 
proportion of Anglo-Australian (20.0% vs. 22.8%), Chinese-Australian (16.0% vs. 
22.0%) and South-East Asian adolescents (11.8% vs. 22.4%)being classified as 
overweight or obese (combined) using the WHO growth reference (P<0.001).   
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When examining the proportion of Chinese-Australian adolescents classified as 
overweight or obesity using the WGOC, IOTF or WHO growth reference, a 
significantly higher proportion of Chinese-Australian adolescents were classified as 
overweight or obese (combined) using the WGOC compared to IOTF growth 
reference (18.0% vs. 16.0%) (P<0.001).  However, the reverse was observed for the 
WHO growth reference with a significantly lower combined prevalence using the 
WGOC compared to the WHO growth reference the WGOC reference (18.0% vs. 
22.4%) (P<0.001).  
6.4.11 Demographic differences in abdominal obesity  
Abdominal obesity was determined if a participants’ waist circumference was greater 
than the ninetieth (>90th) percentile using the age and sex-specific references 
developed for USA,(86) UK (87) and Chinese – Hong Kong (90) adolescents.  Table 
6.12 presents the proportion of adolescents defined as having normal waist or 
abdominal obesity using the different reference ranges.  For the whole sample, 
significant gender differences were observed in prevalence estimates of abdominal 
obesity using the USA and UK growth reference.  The USA growth reference 
revealed more boys had abdominal obesity than girls (12.1% vs. 2.5%), whilst the 
UK growth reference indicated more girls than boys had abdominal obesity (34.8% 
vs. 15.3%).  No significant ethnic differences were observed in the proportion of 
adolescents classified as normal waist or having abdominal obesity using the USA 
(x2 = 1.34; df = 2; P=0.55) or UK (x2 = 4.31; df = 2; P=0.12) reference.   
 
Table 6.12 Ethnic differences in the prevalence of abdominal obesity  
  N Normal waist (%)     Abdominal Obesity (%) 
     UK USA China-HK   UK USA China-HK 
Overall sample  285 73.7  93.3  
 
N/A 26.3∆  6.7  
 
N/A 
Boys  124 84.7 87.9 N/A 15.3***∆ 12.1** N/A 
Girls  161 65.2 97.5 N/A 34.8∆ 2.5 N/A 
Anglo- Australian  110 67.3  
 
91.8 
 
N/A 32.7∆ 
  
8.2 
 
N/A 
Chinese- Australian  99 79.8 
 
92.9 
 
82.8  
 
20.2∆ 
 
7.1 
 
17.8  
South-East Asian 
 
76 75.0 
 
96.1 
 
N/A 25.0∆  
 
3.9  
 
N/A 
 ** = significant gender difference between boys and girls p<0.01; *** = significant gender difference 
between boys and girls p<0.001, ∆ = significant difference between the UK and US growth reference 
(P<0.01) 
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In comparing the international growth references, a significantly higher proportion 
were identified with abdominal obesity using the UK growth reference compared to 
the US (26.3% vs. 6.7%) for the overall sample.  This was also reflected within each 
gender and ethnicity group.  In addition, the proportion of Chinese-Australian 
adolescents classified as having abdominal obesity was significantly higher when 
using the China-HK growth reference 17.8%) compared to the US (7.1%) (x2 = 8.46; 
df = 1; P=0<0.01), but significantly lower when using the UK (20.2%) compared o 
the China-HK growth reference (x2 = 69.55; df = 1; P=0<0.001). 
 
6.5 Discussion 
This chapter sought to describe and examine any differences in physical activity, 
sedentary time, overweight and obesity among a sample of CALD Chinese-
Australian and South-East Asian adolescents and non-CALD Anglo-Australian 
adolescents.  The results of this chapter demonstrate clear differences exist in 
physical activity and sedentary time among Asian-Australians, with Chinese-
Australian and South-East Asian adolescents engaging in significantly more 
sedentary time and less light-intensity physical activity than Anglo-Australian 
adolescents (P<0.05), even after controlling for covariates and school-level 
clustering. Despite this, no significant differences were observed in the proportion of 
adolescents defined as overweight or obese or having abdominal obesity between 
Chinese-Australian, South-East Asian and Anglo-Australian adolescents.   
 
As few studies have investigated physical activity behaviours and correlates among 
CALD Asian adolescents in Australia, this study is believed to be the first study 
among Chinese-Australian adolescents and confirms the existence of differences in 
physical activity and sedentary participation among Chinese-Australian adolescents.  
 
6.5.1 Moderate-to-Vigorous Physical Activity  
Overall, participation in daily MVPA was higher among boys than girls, and among 
younger (12-13y) compared to older (14-16y) participants (P<0.001).  These findings 
were confirmed in the multiple hierarchical regression analyses with girls engaging 
in less daily MVPA than boys (β = -11.0, 95% CI: -15.01; -6.94 mins.day-1) and for 
every unit increase in age (years) a corresponding decrease in MVPA was observed 
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(E= -4.3, 95% CI:-5.66; -2.91 mins.day-1).  These results were expected and are 
consistent with the peer-reviewed literature showing that adolescent boys engage in 
more MVPA than girls (138, 193, 195) and younger adolescents engage in more MVPA 
than older adolescents.(194, 195) However, as discussed in Chapter 2 (Section 2.4.9) 
inconsistent relationships with gender(194) and age(193, 194) have been observed among 
adolescents.  
 
When comparing duration spent in daily MVPA to the international accelerometry 
literature, the levels of MVPA in the current study were generally lower.  The 
nationally representative Canadian Health Measures Survey (2007-09) revealed boys 
on average (11-14y) engaged in 59 mins.d-1 of MVPA compared with girls at 47 
mins.d-1.(296)   The present study found boys (12-16y) engaged in 30.5 mins.d-1 (IQR 
= 22.3, 44.8) and girls 19.7 mins.d-1 (IQR = 12.4, 28.1) of MVPA.  In addition, the 
2003/04 US NHANES study  revealed that boys (12-15y) engaged in 44.3 mins.d-1 of 
MVPA compared with girls at 24.6 mins.d-1.(274)  It is evident from these studies that 
differences in reporting age, survey year and accelerometry inclusion criteria limit 
direct comparisons with our results.(274, 296)  Although, it would appear that 
participants in the present study engaged in less MVPA than with international 
comparators, however, definitive comparisons are not possible.  
 
When examining mean time spent in weekday (Mon-Fri) MVPA by all participants 
to previous findings among adolescents in Melbourne, Australia, the present results 
are substantially lower. The longitudinal Children Living in Active Neighbourhoods 
(CLAN) study collected repeated accelerometry data among youths in 2001, 2004 
and 2006.(297)   In 2004, 346 adolescents aged 13-15y (285) engaged in on average 89.0 
± 40.0 mins.d-1 of weekday MVPA (via email communication with Dr Alison Carver 
on 26th March, 2009). In 2006, 270 of these adolescents (15-17y) were followed-up 
and engaged in on average 43.4 ± 20.7 mins.d-1 of weekday MVPA (Mon-Fri) (via 
email communication with Dr Carver on 26th March, 2009). In the current study, 
median weekday MVPA duration (Mon-Sun) ranged from 26 to 29 mins.d-1.  These 
differing results may partially relate to study design, demographic differences and 
accelerometry data treatment differences within each study.  In the CLAN study, 
participants were originally recruited from 19 state primary schools in various SES 
areas in metropolitan Melbourne and followed into secondary school for re-
measurement in 2004 and 2006.   There was a high attrition rate from survey 
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measurement years (2001 to 2004) 64% and (2004 to 2006) 22% and remaining 
participants may have been more physically active than those who attenuated.(298)  
This high attrition rate in the CLAN, combined with purposive recruitment of 
Chinese-Australian adolescents in the present study may help explain the lower 
MVPA results in the current study. 
 
The proportion of adolescents meeting the Australian national physical activity 
guidelines (142) using theܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method(295)  of a minimum 60 mins.d-1 of 
MVPA(126) was almost negligible when using accelerometry (3%).  Only 14 
participants (7%) met these guidelines during the week and 7 participants (3.5%) 
over the weekend.  In contrast, 60-68% of participants met this recommendation 
using self-report MVPA duration.  This dramatic difference is likely to represent a 
high degree of over-reporting by participants in a socially desirable manner.(299)  This 
form of bias is common with self-report questionnaires,(159) and was evident when 
comparing self-reported and objectively measured MVPA participation in the present 
study as self-report MVPA duration was significantly higher (P<0.01).   When 
contrasting the adherence results to the latest Australian representative survey, the 
2009-10 National Secondary Students’ Diet and Activity survey, 15% of students in 
grades 8-11 (approximately 14-17y) met these guidelines in the previous week  using 
different self-report measures.(197)  In addition, the 2007 Australian National 
Children’s Nutrition and Physical Activity Survey found 19% of  Australian 
adolescents aged 14 to 16 years met the guidelines using a series of self-report 24-
hour recall use of time surveys.(4) In the present study, the objectively measured 
results of 7% and 3% meeting the recommendations are closer to the recent national 
surveys ranging from 15% to 19% compared to self-reported MVPA participation 
(60-68%).  However, a wide range of study factors including survey design, 
sampling, participant characteristics, and measures used to assess physical activity 
participation are likely to explain these results in conjunction with social desirability 
bias. 
 
The univariate analyses of accelerometry-derived daily MVPA participation found 
no significant differences between Chinese-Australian, South-East Asian and Anglo-
Australian adolescents in contrast to the multiple hierarchical regression analyses.  
After adjusting for all covariates, Chinese-Australian adolescents (E= -5.4, 95% CI:-
10.48; -0.35 mins.day-1) and South-East Asian adolescents (E= -7.9, 95% CI:-14.38; -
 - 214 - 
1.47 mins.day-1) engaged in significantly less daily MVPA than Anglo-Australian 
adolescents. At the population level, these differences reflect 9-13% of the 
recommended 60min.d-1 of MVPA and highlight a key intervention opportunity. 
 
Weekend MVPA participation was shown to be lower than weekday participation 
among all ethnic groups.  The logical explanation for this observation among 
Chinese-Australian and South-East Asian adolescents is attendance at Chinese-
weekend cultural school on either Saturday or Sunday for a minimum of 3 hours per 
session.  Therefore, these adolescents had reduced opportunity to engage in weekend 
MVPA, however, this is not definitive.  This observation is supported by the 
significantly lower participation in light-intensity physical activity among Chinese-
Australian and South-East Asian adolescents compared to Anglo-Australian 
adolescents on the weekend (P<0.01).  Whilst all adolescents engaged in lower 
amounts of MVPA on the weekend, which was reflected in lower total activity 
counts per minute,  Chinese-Australian and South-East Asian adolescents engaged in 
less light-intensity physical activity on the weekend which was typically maintained 
among Anglo-Australian adolescents.  Compared to previous findings among 
Vietnamese-Australian adolescents, the reverse was observed among Vietnamese-
Australian adolescent (12-14y) males.(191)  Vietnamese-Australian adolescent males 
reported more MVPA bouts of 30 minutes duration or more on Sunday (3.7 ± 3.8) 
than on weekdays (2.9 ± 2.3), however, hampering comparisons is the unknown 
attendance at weekend cultural school classes by these Vietnamese-Australian 
participants.  Additionally, no significant difference in MVPA was observed between 
Vietnamese-Australian boys and girls and Anglo-Australian adolescents.(191, 192)  In 
contrast, Duncan, Schofield and Duncan (2006) observed that Asian children (5-12y) 
in New Zealand had significantly higher weekday pedometer step counts (14,134 ± 
3,570) than weekend step counts (10,925 ± 4,221, P<0.001) in line with the present 
study.(32)  The study also found significant CALD differences between European, 
Polynesian and Asian children, with Asian children in New Zealand observed to be 
the least active group on weekdays and weekends compared to all other ethnic 
groups.(32)  A limitation of the New Zealand study was that pedometry reflects total 
activity, rather than specific intensities of participation, while in the present study  
higher weekday physical activity participation using both objectively measured 
physical activity (total physical activity counts.min-1and MVPA mins.d-1) and self-
reported MVPA duration declined on the weekend. The strength of the New Zealand 
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over the South Australian study lies in the use of an objective measure of physical 
activity, and thus may actually reflect actual activity differences among minority 
Asian populations more accurately due to the removal of self-report biases.(159) 
 
6.5.2 Light-intensity physical activity  
In this study, it was evident that whilst adolescents in the CAAHS were engaging in 
insufficient amounts of MVPA to meet current recommendations, as assessed by 
accelerometry, they were typically engaging in up to several hours of light-intensity 
physical activity per day (median 188.7, IQR = 160.7, 228.9 mins.d-1,overall).  The 
importance of regular light-intensity physical activity and health is an emerging 
area,(300, 301) especially among adults.  Among adolescents evidence of the 
importance of dose (frequency, intensity and duration) of physical activity and CVD 
risk is increasing(23) but the importance of light activity is yet to be demonstrated.  In 
the CAAHS study, several differences were observed in light-intensity physical 
activity.  Firstly, the high SES group engaged in more daily light-intensity physical 
activity than the low SES group (P<0.05).  In addition, Anglo-Australian adolescents 
engaged in significantly more daily, weekday and weekend light-intensity activity 
compared to Chinese-Australian and South-East Asian adolescents (P<0.01).  This 
finding was also reflected in the multivariate regression models, with Anglo-
Australian adolescents engaging in approximately one hour more light-intensity 
activity than Chinese-Australian (E= -58.2, 95% CI: -80.01; -36.47 mins.day-1) and 
South-East Asian adolescents (E= -49.5, 95% CI: -78.30; -20.61 mins.day-1),  after 
adjusting for all covariates and school clustering. 
 
Internationally, CALD differences in light-intensity physical activity have previously 
been observed using accelerometry.  In England, the cross-sectional CHASE study 
among 2071 children aged 9-10 years (Table 2.8, Chapter 2) revealed that after 
adjusting for age, gender, day of the week and seasonality, Black African/Caribbean 
children engaged in significantly more light-intensity physical activity than White 
European (British) children (6 mins.d-1, 95% CI: 3; 10).(33)  However, no significant 
differences in light-intensity participation were observed between South Asian 
(Indian, Pakistanis, Bangladeshis) and White European children (1 min.d-1, 95% CI: -
3, 5).  Despite mean daily light-intensity physical activity among South Asian 
children (176, 95% CI: 176, 181 mins.d-1)(33) was similar to Chinese-Australian (164, 
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IQR = 145.5, 187.8 mins.d-1) and South-East Asian adolescents (169.6, IQR = 151.0, 
198.1 mins.d-1) in the present study.  The difference of up to 1 hour per day in the 
present study between Anglo-Australian and Chinese-Australian and South-East 
Asian adolescents may relate to the older age group, country-specific differences and 
variance between Asian subgroups in the present study. 
 
6.5.3 Sedentary time  
In the present study, duration spent in daily sedentary participation was 
approximately 9 hrs.d-1 day for all participants as measured by accelerometry.  These 
findings are consistent with the HELENA cross-sectional study among European 
adolescents (12.5-17.5y) and the 2007-09 Canadian Health Measures Survey (11-
14y) of approximately 8.5 and 9.1 hours.d-1 in accelerometry measured sedentary 
time, respectively.(296, 302)  However, when compared to the accelerometry measured 
sedentary time in the 2004 CLAN and 2003/04 US NHANES studies the CAAHS 
results are higher.(303, 304)  In the 2004 CLAN and 2003/04 NHANES studies, 
adolescent boys engaged in on average 7.7 hours and 7.4 hours of daily sedentary 
time (girls 8.5 hours and 7.7 hours), respectively.  In those studies, boys spent 42-60 
mins.d-1 and girls 36-84 mins.d-1 less time being sedentary when compared to the 
present study sample.  Given that the NHANES and CLAN studies involved 
adolescents of similar age range, these differences may are relate to CALD specific 
differences in the present population, in addition to differences in accelerometry data 
handling techniques and study design difference. 
 
When examining ethnic differences in sedentary time, Chinese-Australian and South-
East Asian adolescents engaged in more daily sedentary time (approximately 40 
mins.d-1) than Anglo-Australian adolescents after controlling for covariates.  In 
addition, it was revealed that girls engaged in more daily sedentary time 
(approximately 35 mins.d-1) than boys.  These findings are supported by a recent 
review of sedentary behaviours among youth (2-18y).(147)  In that review more time 
in sedentary behaviours (predominantly sitting activities) was shown to occur among 
older, non-white and low SES youth.(147)  When examining studies that assessed 
sedentary time using accelerometry, consistent associations were observed among 
older youth(305, 306) and girls;(305, 307) however, the relationship with SES became 
inconsistent.(306, 307) As identified in Table 2.8 (Chapter 2), a small number of 
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international studies have investigated differences in sedentary behaviour among 
Asian CALD populations and non-CALD youth, with increased sedentary behaviour 
participation observed among Asian youth.(33, 36, 38)  In addition the 2010 NSW 
SPANS study found significantly higher participation among Asian boys and girls 
compared to English speaking youth for specific year levels, particularly in Year 6 
onwards (approximately aged ≥12 years).(30)   The results of the present study support 
these findings of increased sedentary behaviour participation among Asian youth 
both in Australia and internationally. 
 
6.5.4 Self-reported sedentary behaviour and type 
In the present study self-reported  duration spent in weekly, weekday and weekend 
sedentary behaviour was shown to be significantly lower for all ethnic groups 
(except Chinese-Australian adolescents for weekend) compared to accelerometry 
derived participation (P<0.01).  This finding is typical of self-report sedentary 
behaviour questionnaires(161) where social desirability may influence the results.(299)  
Similar to objectively measured participation, self-reported duration spent in 
sedentary behaviour was also shown to vary between ethnic groups.  It was observed 
that Chinese-Australian adolescents engaged in approximately 45 mins.d-1  more 
sedentary behaviour during the week and 175 mins.d-1 more on the weekend, 
compared to Anglo-Australian adolescents (P<0.01).  South-East Asian adolescents 
also reported engaging in approximately 59 mins.d-1 more sedentary behaviour on the 
weekend compared to Anglo-Australian adolescents (P<0.01).  These findings are 
inconsistent with objectively measured participation which was higher for all ethnic 
groups during the week than on the weekend, but are consistent with the results of 
the self-reported 2010 NSW SPANS study.(308) In the NSW SPAN study, an almost  
identical recall questionnaire, including categories of participation and response 
format was administered to participants and the results found Asian adolescents in Yr 
8 and Yr 10 (approximately aged 13-14 and 15-16 years) engaged between 336 and 
378 mins.d-1 more sedentary behaviour than English speaking adolescents (294 and 
342 mins-d-1) (P<0.05).(308) 
 
Delving further into different types of sedentary behaviour participation, consistent 
differences in education-related sedentary behaviours (homework/study, attend 
weekend cultural school and out-of-school hours tutoring) were significantly higher 
among Chinese-Australian and South-East Asian adolescents compared to Anglo-
Australian adolescents.  This finding is expected given recruitment of Chinese and 
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South-East Asian adolescents occurred through Chinese-weekend cultural schools. 
This is also likely to explain the significantly less sedentary travel on the weekend 
compared to Anglo-Australian adolescents, as attendance at Chinese-weekend 
cultural school may reduce the opportunity for weekend trips/outings away from the 
home.  Despite not examined for statistical significance, the 2010 NSW SPANS 
study found Asian adolescents in Yr 8 and Yr 10 engaged in higher amounts of 
education-related activities compared to English-speaking (at home) adolescents 
during the week.(308)  In addition, weekend education-related sedentary behaviours 
were higher among Asian adolescents in Yr 8 and Yr 10 than English-speaking 
adolescents.  The findings from the CAAHS study and the 2010 NSW SPANS study 
support the observation that adolescents from an Asian-Australian background 
engage in greater amounts of sedentary behaviour, particularly in education-related 
activities compared with Anglo-Australian/English speaking adolescents. 
 
6.5.5 Anthropometric indices  
Chinese-Australian or Asian youths are an important CALD group to investigate 
overweight and obesity as Asian children and adolescents have a typically higher 
percentage fat mass compared to their European counterparts,(14-17, 109-111)   in 
addition to a propensity for abdominal obesity.(113, 115, 116)  The CAAHS is the first 
study to investigate the prevalence of overweight, obesity and abdominal obesity 
among a sample of Chinese-Australian adolescents. 
 
The BMI has previously shown to vary by age and gender, and thus comparisons of 
values are made against age and sex-specific reference ranges.(2)   In the CAAHS, 
comparisons of the raw BMI data revealed age was positively associated with BMI in 
the univariate and multivariate analyses (P<0.001).  This is consistent with the 
international literature of increasing BMI with age.(293, 294)  Gender was not 
associated with BMI in this study, however, it was slightly higher among girls 
compared to boys.  In the US, BMI has been shown to be higher among boys than 
girls aged 8 to 19 years using representative NHANES data,(294) whereas similar 
means have been observed among younger UK children, but higher BMI’s among 
older girls (12-15years) compared to boys.(11) Study differences in the CAAHS, 
including the targeted recruitment of Chinese-Australians, small age range and small 
sample are likely to account for the lack of association between gender and BMI in 
the present study.  
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In the CAAHS, SES category was not associated with BMI in the univariate and 
multivariate analyses, explaining 0% of the variance in the final regression model.  
This observation is unsurprising given that more high SES adolescents were recruited 
(67%) and rates of overweight and obesity are typically higher among low SES 
adolescents in Australia.(9) Thus, low SES participants were underrepresented in the 
present analysis.  In addition, BMI  did not significantly differ between ethnic groups 
in the univariate or multivariate analyses, which is consistent with previous 
comparisons among Asian youth in Australian(109) and internationally,(15, 16, 110) when 
compared to their non-CALD (predominantly European counterparts).   
 
In the present study, waist circumference was positively associated with age, 
however, no association with gender, ethnicity or SES category was observed.  The 
association with age is consistent with the findings from the representative 1985 
Australian Health and Fitness Survey (AHFS) and the 2007 ANCNPAS, where waist 
circumference increased with age among youth.(4, 85)    In addition, waist 
circumference was shown to be slightly but not significantly higher among males 
aged ≥ 11y in the AHFS, however, the more recent ANCNPAS revealed girls (7-15y) 
had a significantly higher waist circumference,(125) which was not reflected in the 
CAAHS.  The differences observed in the present study of males having a slightly 
higher waist circumference (not significant) are likely to relate to the recruitment of 
Asian-Australian adolescents in the present study, representing 62% of participants.  
This position is partially supported by a New Zealand study, where Asian Indian 
boys (12-19y) typically had a higher mean waist circumference than Asian girls, 
however, this was not examined for significance.(14) In addition, a study among Hong 
Kong Chinese children (6-18y) found boys typically had a higher waist 
circumference than girls, again, this was not examined for significance.(289)   
 
When examining ethnic differences in waist circumference, Chinese-Australian and 
South-East Asian adolescents did not significantly differ to Anglo-Australian 
adolescents (P<0.05).  This finding is consistent to those observed among Asian 
youth in Australia,(109) New Zealand(14) and England,(16) where no significant 
difference or a lower mean waist circumference was observed among Asian youth 
compared to their non-CALD (predominantly European counterparts).  
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The prevalence of overweight and obesity overall was lower than previous national 
findings among Australian adolescents.(4, 9, 13)  This is potentially due to 
methodological differences in sampling as this study was not nationally 
representative and also purposively recruited adolescents from a Chinese-Australian 
background.  Interestingly, no significant ethnic differences were observed in the 
proportion of adolescents defined as being overweight, obese or having abdominal 
obesity, regardless of growth reference used, and this may relate to the small sample 
size.  In the representative National Youth Cultures of Eating Study among 
Australian schoolchildren, adolescents from an Asian (Chinese/South-East Asian) 
background aged 12-18y had a combined overweight and obesity prevalence of 
19.4% among boys and 12.2% among girls.(13)  To enable comparison of the results 
from the National Youth Cultures of Eating Study, the prevalence of combined 
overweight and obesity would be 15.8% for both boys and girls using the IOTF 
growth reference. In addition, the 2010 NSW SPANS study revealed the prevalence 
of overweight and obesity (IOTF) among Year 8 and Year 10 adolescents who spoke 
an Asian language at-home was 18.9% and 14.9%, respectively. When compared to 
the present study of a combined prevalence of 15% among Chinese-Australian boys 
and girls16.0% (IOTF), indicates comparatively equal proportions. The National 
Youth Cultures of Eating Study and the 2010 NSW SPANS study support the 
observations in the CAAHS study and indicate that the present results may be in fact 
indicative of the overweight and obesity status of the wider Chinese-Australian 
adolescent population.  
 
When using the WHO growth reference, the prevalence of overweight and obesity 
was significantly higher compared to the IOTF reference.  The inconsistencies 
between the two references highlight methodological differences in the populations 
used to develop the growth curves.(77, 78) This findings is consistent with the wider 
literature of the WHO growth references systematically indicating a higher 
prevalence of overweight and obesity compared to the IOTF growth reference among 
adolescents.(309, 310)  Whilst synergy between the two growth references is unlikely, 
they allow for easy national and international comparisons unlike the WGOC growth 
reference.  The benefits of the WGOC growth reference is that it is based on the 
relationship between BMI and disease risk among Chinese youth (101) and thus may 
be an useful screening tool in the Chinese-Australian context.  The results indicated 
that estimates using the IOTF growth reference were significantly lower, and the 
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WHO growth references significantly higher, than the WGOC.  This finding 
particularly related to changes in the proportion of adolescents classified as obese.  In 
the 2002 China National Nutrition and Health Survey a similar observation occurred 
whereby the prevalence of obesity among Chinese (5-19y) was higher using the 
WHO compared to the IOTF growth reference, and obesity estimates using the 
WGOC reference were higher than both the IOTF and WHO growth reference.(309) 
Whilst no recommendations can be given as to the best growth reference for use 
among Chinese-Australian adolescents at this stage, future sensitivity and specificity 
investigations using objective measures of body composition are recommended. 
 
International estimates of overweight and obesity among Asian or Chinese 
adolescents outside of Asia are typically higher than those observed in the current 
study.(12, 122-124)  As discussed in Chapter 2 (Section 2.3.9)  estimates of combined 
overweight and obesity among Asian adolescents in New Zealand (25.8%),(12) the US 
(27.2%),(122) the Netherlands (19.5%),(123) and the UK (39.5%)(124) are higher than 
both Chinese-Australian (16%) and South-East Asian adolescents (11.8%) in the 
present study (all using the IOTF growth reference except the US). Within Asia, 
prevalence estimates of combined overweight and obesity was 19% among 
adolescents (13-15y) in Beijing(311), with similar combined prevalence estimates 
(16.7%) observed among Hong Kong adolescents (13-18y) (all IOTF growth 
reference).(75)  The differences in prevalence estimates in the present study compared 
to Asian adolescents within and outside of Asian may reflect environmental 
differences within Australia, but are likely to reflect study design differences in the 
representativeness of recruited samples.   
 
Abdominal obesity was examined using the UK (87) and USA (86) growth reference.  
The use of the Australian growth reference was not considered appropriate as a 
different measurement sites were used (at the level of the umbilicus).(85)  It has been 
demonstrated that comparing waist circumference measurements measured at 
different sites can influence prevalence estimates at all ages.(96, 107) Therefore, only 
growth references with identical measurement protocols were used.  Overall, 
significant gender differences were observed in the prevalence of abdominal obesity 
using the UK and USA growth reference.  However, each growth reference gave a 
different prevalence estimate with the USA reference indicating a higher prevalence 
among boys and the UK reference indicating a higher prevalence among girls.  
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Whilst more research would be required to determine which has the greatest 
sensitivity and specificity among Australian adolescents, given Australia’s colonial 
history and dominant UK immigrant population,(312) the UK growth reference may be 
more appropriate among the Anglo-Australian adolescents and more research is 
required to examine appropriate among Asian-Australian adolescents. 
 
Given that Chinese populations tend to exhibit obesity as abdominal obesity, (113, 115, 
116) and waist circumference measurements have been shown to be superior to BMI 
in identifying cardiovascular risk factors among Chinese youths;(90) the prevalence of 
abdominal obesity was important to assess in the present study.  Interestingly, no 
significant ethnic differences were observed in the percentage of adolescents 
classified with abdominal obesity using the UK(87) or USA(86) growth reference. 
However, Anglo-Australian adolescents had a higher prevalence of abdominal 
obesity (34.8% and 2.5%) compared to Chinese-Australian (20.2% and 7.1%) and 
South-East Asian adolescents (25.0% and 3.9%) using the UK and US growth 
reference, respectively.  As discussed in Chapter 2, there are no-known studies that 
have examined rates of abdominal obesity among Asian sub-populations in Australia 
or internationally, outside of Asia.  In China, data from the 2009 China Health and 
Nutrition Survey indicated abdominal obesity affected 11.3% of Chinese adolescents 
aged 13-17y.(313)  Encouragingly, identical measurement sites were used between the 
two studies and definition of abdominal obesity (≥ 90th percentile), however, a 
different growth reference was used among Chinese adolescents.  When contrasting 
this prevalence to Chinese-Australian adolescents using the Hong-Kong waist 
circumference growth reference.(289)  rates of abdominal obesity were higher among 
Chinese-Australian adolescents (17.8%).  Caution should be applied when 
interpreting these findings due to the differences in waist circumference growth 
reference used. 
6.5.6 Limitations and strengths 
As with any study, several important limitations should be considered when 
interpreting the above results.  Firstly, selection bias is evident in the recruitment of 
Anglo-Australian and Chinese-Australian/South-East Asian adolescents through 
different sampling strategies.  However, this was deemed necessary to recruit 
sufficient numbers of Chinese-Australian adolescents.  In addition, the number of 
government and independent schools recruited into the study was less than expected 
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and would have influenced the representativeness of results among Anglo-Australian 
adolescents and comparisons with this population.  Secondly, the use of 
accelerometry involves many data handling/management techniques which are not 
standardised(174) and are determined by the researcher (as outlined in Chapter 5).  
These decisions can have considerable implications on the estimated time spent in 
various activity intensities and it is likely that results would vary if different data 
management techniques were used. In addition, the accelerometer model used was 
unable to collect information on water-based, cycling and upper-body based 
movements may have reduced estimates of total activity.(267)  Self-reported 
participation and duration spent in bike riding and swimming activities was similar 
between all three ethnic groups, thus participation may have been systematically 
underestimated.  Another limitation of accelerometry was the considerable number of 
participants (51) who were excluded for not meeting the accelerometry inclusion 
criteria. The omission of these data may have influenced the observed results.  
However, a strength of this study was the use of an extensively validated and 
commonly used objective measure for assessing adolescents’ physical activity and 
sedentary time, which reduces biases from self-report and provides data which are 
comparable to many published studies with similar aged youth around the world. An 
obvious limitation of the present study was the lack of power to examine gender 
differences among ethnic groups.  It was deemed inappropriate to apply such 
analyses with rigor as a sample size of 160 Chinese-Australian and 160 Anglo-
Australian adolescents would have been needed.  Even though over 200 participants 
were recruited from Chinese-weekend cultural schools, only 102 adolescents (51%) 
were of Chinese ethnicity and complete data (anthropometry, survey and 
accelerometry) was available for just 68% of these adolescents, thus stratified 
analyses by gender were not possible. A more detailed discussion regarding 
recruitment of Chinese-Australian adolescents is provided in Chapter 5 (Section 
5.3.6) 
 
Waist circumference measurements and definition of abdominal obesity in the 
CAAHS presented several limitations as no international consensus exists on 
measurement site.(79)  The use of the Australian WC percentiles was not possible in 
this study due to the use of a different measurement site, in conjunction with the 
absence of references for adolescents aged 16 years.   However, a strength of the 
CAAHS study was the objective measurement of waist circumference, height and 
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weight by trained data collectors who adhered to a rigorous measurement protocol to 
reduce measurement error.  In addition, the use of surrogate measures of body 
composition, fat mass through the BMI and visceral fat through waist circumference 
measurements, may not be the appropriate for Asian youth, as highlighted in Chapter 
2.  Since no significant ethnic difference was observed between adolescents, future 
investigations should examine whether objectively measured fat mass and visceral 
fat mass differs among Asian adolescents in Australia. 
 
In the literature, an argument exists for the inclusion of pubertal stage in addition to 
age when examining fat mass as BMI may not correctly reflect body composition 
during puberty.(314, 315)  The collection of pubertal stage, commonly measured with 
the Tanner scale,(316) was not considered appropriate in the CAAHS due to ethical 
and cultural sensitivities in the diversity of participants.  It was felt that including this 
measurement would even further reduce response rates among Chinese-Australian 
adolescents and Principals of participating schools and was thus omitted.  Supporting 
this decision is the study by Taylor (2003) who found no additional benefit in 
categorising adolescents as having high percentage body fat using BMI and age 
alone or BMI, age and pubertal stage.(317) 
 
In the present study, care was taken to reduce possible measurement errors that were 
both random and systematic.  For example, all equipment was calibrated prior to use, 
data collectors were required to attend training sessions, repeated visits were held at 
schools to encourage participation and reduce non-response bias.  Whilst the 
influence of social desirability and cultural bias from questionnaire data cannot be 
completely discounted, the self-report measure provided important information 
unable to be sourced from accelerometry about specific activities in which the 
adolescents participated and was shown to be a reliable measure (Chapter 3).  
 
Despite the above limitations, numerous strengths were observed in the present 
study.  Firstly, this study is believed to be the first to examine physical activity, 
sedentary behaviours, overweight and obesity and abdominal obesity among 
Chinese-Australian adolescents.  The engagement of Chinese-Australian adolescents 
specifically reduced potential bias by not grouping heterogeneous individuals (e.g. 
Chinese) into one homogenous group (e.g. ‘Asian’).  In addition, objective measures 
of physical activity, sedentary behaviour, overweight and obesity were employed 
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throughout this study to reduce self-report bias.  Care was also taken to apply the 
appropriate statistical analyses and in-depth multivariate analyses were conducted to 
control for a range of covariates that have been demonstrated to influence the 
specific variable of interest.  In addition, adjusted and unadjusted regression analyses 
were conducted to examine associations between the independent and dependent 
variables, since all the dependent variables were continuous and not normally 
distributed. 
 
6.6 Conclusions 
This study identified several differences in physical activity and sedentary behaviour 
participation among Chinese-Australian and South-East Asian adolescents compared 
to a reference group of non-CALD Anglo-Australian adolescents.  Accelerometry 
derived activity revealed Chinese-Australian and South-East Asian adolescents 
engaged in significantly less daily MVPA and light-intensity physical activity and 
more daily sedentary time than their Anglo-Australian counterparts.  In this study, it 
was hypothesised that rates of overweight and obesity and abdominal obesity would 
be higher among Chinese-Australian adolescents compared to Anglo-Australian 
adolescents, although the findings from the current study did not support this 
hypothesis.  The strength of the CAAHS lies in the fact that it is one of the first 
studies to objectively measure physical activity and sedentary time participation 
among a sample of Chinese-Australian youth.  The findings from this study indicate 
that intervention strategies should be implemented to reduce sedentary time and 
increase light-intensity physical activity and MVPA among Chinese-Australian and 
South-East Asian adolescents.   
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Chapter 7. Relationship between physical activity, 
sedentary time and BMI/ waist circumference among 
a sample of Chinese-Australian, South-East Asian 
and Anglo-Australian adolescents 
7.1 Introduction 
As highlighted by the ecological model for understanding obesity in children and 
youth, physical activity and sedentary behaviour play an important role in energy 
balance.(56)  Several reviews have synthesised the available evidence on the 
relationship between physical activity and BMI and/or sedentary behaviour among 
adolescents with differing results.(28, 193-196, 318, 319)  For example, the review by Van 
Der Horst and colleagues (2007) found no evident association between BMI and 
physical activity among adolescents, however, television/video viewing was 
positively associated.(193)  In contrast, Must and Tybor (2005) specifically reviewed 
longitudinal studies and found a negative relationship between BMI and physical 
activity and a positive relationship with sedentary behaviour.(318)  More recently, 
Uijtdewilligen and colleagues (2011) concluded there was insufficient evidence to 
determine an association between both physical activity and sedentary behaviour 
with BMI among adolescents.(194) These mixed findings highlighting the need for 
further research to be conducted to examine these relationships.  In addition, since 
high levels of physical activity can co-exist with high levels of sedentary 
behaviour,(26, 320) the independent relationship of sedentary behaviour and BMI are 
important to investigate separately.  
 
Therefore this chapter sought to examine whether a relationship existed between 
physical activity and/or sedentary behaviour and measures of adiposity among a 
sample of Chinese-Australian, South-East Asian and Anglo-Australian adolescents.  
In addition, this chapter aimed to investigate whether these associations varied 
between ethnic groups. 
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7.2 Aims 
1. To examine the independent association of physical activity and BMI/ waist 
circumference among a sample of Chinese-Australian, South-East Asian and 
Anglo-Australian adolescents aged 12 to16 years;  
2. To examine the independent association of sedentary time and BMI /waist 
circumference among a sample of Chinese-Australian, South-East Asian and 
Anglo-Australian adolescents aged 12 to 16 years; and 
3. To examine whether these associations vary between Chinese-Australian, 
South-East Asian or Anglo-Australian adolescents aged 12 to 16 years. 
 
7.3 Methods 
Please refer to Chapter 5.4 for a detailed description of the methodology used in the 
CAAHS (instrument selection, sample and recruitment, procedure, measures and 
data management).  
7.3.1 Statistical analyses 
Hierarchical multiple regression analyses(263) were used to examine the relationship 
between BMI/waist circumference and objectively measured light-intensity physical 
activity, MVPA and sedentary time whilst accounting for age, gender and SES status.  
In Step 1, mean daily spent sedentary time (mins.d-1) was entered into the regression 
model based on a previously observed positive relationship with BMI.(193)  In Step 2 
and Step 3, time spent in daily MVPA and light-intensity physical activity (mins.d-1) 
was entered into the model separately.  In Step 4, gender was entered into the 
regression model since BMI increases with age(293, 294)  and gender was entered into 
Step 5, given the  observed inconsistent relationship with gender and BMI.(11, 294)  In 
the final step (Step 6), SES category was entered into the model due to the higher 
prevalence of obesity among low SES Australian school children.(13)  These 
regression models were repeated for each ethnicity group and with waist 
circumference as the dependent variable.  Since time spent in sedentary, light, 
MVPA and BMI and waist circumference were not normally distributed, they were 
accordingly adjusted by examining all common logarithm (log) transformations (see 
Chapter 5.4.7).  A separate series of adjusted and unadjusted regression analyses 
were conducted and all analyses were controlled for clustering at the school-level. 
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7.3 Results 
7.3.1 Relationships between physical activity, sedentary time and 
BMI/waist circumference 
Table 7.1 displays the hierarchical multiple regression results investigating the 
relationship between objectively measured MVPA, light-intensity physical activity, 
sedentary time and BMI for each ethnic group.  These regression models were 
performed on unadjusted and adjusted data to normalise the distribution. Since the 
amount of variance in each step did not vary, the unadjusted models are presented 
below, with the adjusted models presented in Appendix 14.  
 
The results suggest ethnic differences exist in the relationship between MVPA, light-
intensity physical activity, sedentary time and BMI.  Objectively measured sedentary 
time did not explain any proportion of the variance in BMI among Anglo-Australian 
adolescents, in contrast to South-East Asian and Chinese-Australian adolescents 
which explained 2% of the variance.  MVPA explained a similar proportion of the 
variance in BMI among Anglo-Australian (4%) and Chinese-Australian (3%) 
adolescents with a smaller proportion explained among South-East Asian adolescents 
(2%).  Light-intensity physical activity explained a large proportion of the variance 
in BMI among Chinese-Australian adolescents (10%), which was reflected in the 
final regression model with  a 1-minute increase in daily light-intensity activity 
corresponded to an increase of 0.02 BMI unit points (E= 0.02, 95% CI: 0.01; 0.04 
kg/m2).    No significant relationship with light-intensity physical activity and BMI 
was observed between Anglo-Australian or South-East Asian adolescents.  
 
Interestingly, the relationship with age, gender and SES category and BMI varied 
between ethnic groups.  For example, gender was positively associated with BMI 
among Anglo-Australian adolescents (E= 1.71, 95% CI: 1.16; 2.27 kg/m2), 
explaining 6% of the variance, and was not significantly associated among South-
East Asian or Chinese-Australian adolescents.  Increasing age was positively 
associated with BMI among Chinese-Australian adolescents (E= 0.88, 95% CI: 0.57; 
1.19 kg/m2) and explained 16% of the variance which was not observed for any other 
ethnic group. 
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Table 7.1 Associations between physical activity, sedentary time and BMI by 
ethnic group (β + 95% CI) 
 Anglo-Australian 
BMI⌂ 
Chinese-Australian 
BMI⌂ 
South-East Asian 
BMI⌂ 
Step 1. (R2 = 0.00) (R2 = 0.02) (R2 = 0.02) 
Sedentary time 0.00 (-0.01; 0.02) -0.01 (-0.01; 0.01) 0.01 (-0.00; 0.01) 
Step 2. (R2 = 0.04; ∆R2 = 0.04) (R2 = 0.05; ∆R2 = 0.03) (R2 = 0.04; ∆R2 = 0.02) 
Sedentary time -0.00 (-0.02; 0.02) -0.01 (-0.02; 0.00) 0.00 (-0.01; 0.01) 
MVPA -0.04* (-0.07; -0.01) -0.04 (-0.10; 0.03) -0.03 (-0.11; 0.05) 
Step 3.    
 (R2 = 0.05; ∆R2 = 0.01) (R2 = 0.15; ∆R2 = 0.10) (R2 = 0.08; ∆R2 = 0.04) 
Sedentary time -0.00 (-0.02; 0.02) -0.01 (-0.01; 0.00) 0.00 (-0.01; 0.01) 
MVPA -0.04* (-0.07; -0.00) -0.05 (-0.11; 0.00) -0.03 (-0.10; 0.03) 
Light -0.01 (-0.02; 0.00) 0.02 *** (0.01; 0.04) 0.01 (-0.01; 0.03) 
Step 4. (R2 = 0.11; ∆R2 = 0.06) (R2 = 0.15; ∆R2 = 0.00) (R2 = 0.10; ∆R2 = 0.02) 
Sedentary time -0.01 (-0.02; 0.01) -0.01 (-0.02; 0.01) 0.00 (-0.01; 0.01) 
MVPA -0.02 (-0.07; 0.02) -0.06 (-0.11; 0.00) -0.02 (-0.12; 0.08) 
Light -0.01 (-0.02; 0.00) 0.02 ** (0.01; 0.03) 0.01 (-0.00; 0.03) 
Boys REF REF REF 
Girls 1.74 ** (1.07; 2.40) -0.26 (-2.06; 1.55) 0.90 (-2.20; 4.00) 
Step 5.    
 (R2 = 0.12; ∆R2 = 0.01) (R2 = 0.31; ∆R2 = 0.16) (R2 = 0.10; ∆R2 = 0.00) 
Sedentary time -0.01 (-0.03; 0.01) -0.01 (-0.01; 0.00) 0.00 (-0.01; 0.01) 
MVPA -0.02 (-0.07; 0.04) -0.04 (-0.10; 0.01) -0.02 (-0.11; 0.08) 
Light -0.01 (-0.02; 0.00) 0.02 ** (0.01; 0.04) 0.01 (-0.00; 0.03) 
Boys REF REF REF 
Girls 1.80** (0.92; 2.68) 0.30 (-1.46; 2.06) 0.91 (-2.15; 4.00) 
Age (years) 0.27 (-0.34; 0.87) 0.88*** (0.55; 1.20) 0.12 (-0.56; 0.80) 
Step 6.    
 (R2 = 0.13; ∆R2 = 0.01) (R2 = 0.31; ∆R2 = 0.00) (R2 = 0.20; ∆R2 = 0.10) 
Sedentary time -0.01 (-0.03; 0.02) -0.01 (-0.01; 0.00) 0.00 (-0.01; 0.01) 
MVPA -0.02 (-0.06; 0.03) -0.04 (-0.09; 0.01) -0.03 (-0.12; 0.06) 
Light -0.01 (-0.02; 0.00) 0.02 ** (0.01; 0.04) 0.02 (-0.01; 0.04) 
Boys REF REF REF 
Girls 1.71** (1.16; 2.27) 0.30 (-1.47; 2.08) 0.55 (-2.67; 3.76) 
Age (years) 0.26 (-0.30; 0.81) 0.88*** (0.57; 1.19) 0.18 (-0.38; 0.74) 
High SES REF REF REF 
Low SES -0.66 (-2.83; 1.51) 0.04 (-1.05; 1.14) 1.76* (0.23; 3.28) 
⌂ = Body Mass Index (BMI)  measured in kg/m2; * = significant p<0.05;** = significant p<0.01; Low 
SES = IRSD ≤999; High SES = IRSD ≥ 1000;  β = beta coefficient and CI = 95% confidence interval. 
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Table 7.2 presents the same ethnic-specific regression analyses with waist 
circumference as the dependent variable.  Similar to BMI, ethnic differences in the 
relationship between physical activity, sedentary time and waist circumference were 
evident.    Among Chinese-Australian adolescents, sedentary time, light-intensity 
physical activity and age were associated with waist circumference.   A small 
proportion of the variance in waist circumference was explained by sedentary time 
(3%), MVPA (1%) and light-intensity physical activity (6%) among Chinese-
Australian adolescent which differed from Anglo-Australian and South-East Asian 
adolescents. In the final step, a 1 minute increase in daily light-intensity physical 
activity corresponded to an increase in mean waist circumference among Chinese-
Australian adolescents (E= 0.04, 95% CI: 0.01; 0.06 cm).  In addition, increasing age 
was also associated with increasing waist circumference among Chinese-Australian 
adolescents (E= 1.42, 95% CI: 0.58; 2.26 cm).  Although, a significant negative 
relationship was detected between sedentary time and waist circumference among 
Chinese-Australian adolescents, the influence of this association was almost 
negligible (E= -0.00, 95% CI: -0.03; -0.00 cm).   
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Table 7.2Associations between physical activity, sedentary time and waist 
circumference (WC⌂) by ethnic group (β + 95% CI) 
 Anglo-Australian 
WC⌂ 
Chinese-Australian 
WC⌂ 
South-East Asian 
WC⌂ 
Step 1. (R2 = 0.01) (R2 = 0.03) (R2 = 0.00) 
Sedentary time -0.01 (-0.04; 0.01) -0.02 ** (-0.04; -0.01) -0.00 (-0.02; 0.01) 
Step 2.    
 (R2 = 0.03; ∆R2 = 0.02) (R2 = 0.04; ∆R2 = 0.01) (R2 = 0.00; ∆R2 = 0.00) 
Sedentary time -0.02 (-0.04; 0.00) -0.02 ** (-0.04; -0.01) -0.01 (-0.04; 0.03) 
MVPA -0.07 (-0.25; 0.11) -0.04 (-0.12; 0.03) -0.03 (-0.24; 0.19) 
Step 3.    
 (R2 = 0.04; ∆R2 = 0.01) (R2 = 0.10; ∆R2 = 0.06) (R2 = 0.05; ∆R2 = 0.05) 
Sedentary time -0.02 (-0.05; 0.01) -0.02 (-0.03; 0.00) -0.01 (-0.03; 0.02) 
MVPA -0.07 (-0.26; 0.12) -0.06 (-0.13; 0.11) -0.04 (-0.23; 0.15) 
Light -0.01 (-0.04; 0.01) 0.04 ** (0.02; 0.01) 0.04 (-0.00; 0.08) 
Step 4.    
 (R2 = 0.05; ∆R2 = 0.01) (R2 = 0.10; ∆R2 = 0.00) (R2 = 0.05; ∆R2 = 0.00) 
Sedentary time -0.02 (-0.05; 0.00) -0.02 (-0.03; 0.00) -0.00 (-0.02; 0.01) 
MVPA -0.05 (-0.25; 0.15) -0.06 (-0.14; 0.01) -0.05 (-0.32; 0.22) 
Light -0.01 (-0.04; 0.01) 0.04 ** (0.02; 0.06) 0.04 (-0.01; 0.08) 
Boys REF REF REF 
Girls 2.26 (-0.87; 3.65) -0.21 (-2.41; 1.98) -0.90 (-8.56; 6.76) 
Step 5.    
 (R2 = 0.07; ∆R2 = 0.02) (R2 = 0.14; ∆R2 = 0.04) (R2 = 0.06; ∆R2 = 0.01) 
Sedentary time -0.03 (-0.06; 0.00) -0.02 (-0.03; 0.00) -0.01 (-0.03; 0.02) 
MVPA -0.02 (-0.16; 0.12) -0.02 (-0.10; 0.05) -0.04 (-0.28; 0.20) 
Light -0.01 (-0.04; 0.01) 0.03** (0.01; 0.06) 0.04 (-0.00; 0.08) 
Boys REF REF REF 
Girls 2.48* (0.99; 3.97) -0.16 (-1.99; 2.32) -0.85 (-8.38; 6.69) 
Age (years) 0.90 (-0.09; 1.89) 1.40 ** (0.56; 2.24) 0.47 (-1.02; 1.95) 
Step 6.    
 (R2 = 0.08; ∆R2 = 0.01) (R2 = 0.14; ∆R2 = 0.00) (R2 = 0.10; ∆R2 = 0.04) 
Sedentary time -0.03 (-0.06; 0.01) -0.00 * (-0.03; -0.00) -0.00 (-0.03; 0.02) 
MVPA -0.03 (-0.15; 0.10) -0.02 (-0.10; 0.05) -0.06 (-0.33; 0.21) 
Light -0.02 (-0.06; 0.02) 0.04 ** (0.01; 0.06) 0.05 (-0.01; 0.10) 
Boys REF REF REF 
Girls 2.22* (1.27; 3.18) 0.20 (-1.97; 2.36) -1.46 (-9.77; 6.85) 
Age (years) 0.87 (-0.26; 2.00) 1.42 ** (0.58; 2.26) 0.56 (-0.99; 2.11) 
High SES REF REF REF 
Low SES -1.91 (-9.97; 6.15) 0.46 (-1.66; 2.58) 2.93 (-2.75; 8.61) 
⌂ = Waist circumference (cm); * = significant p<0.05; *** = significant p<0.001; Low SES = IRSD 
≤999; High SES = IRSD ≥ 1000;  β = beta coefficient and CI = 95% confidence interval. 
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7.4 Discussion 
As previously discussed, several reviews have synthesised the available evidence on 
the relationship between physical activity and BMI and/or sedentary behaviour 
among adolescents with differing results.(28, 193-196, 318, 319)  In addition, the 
relationship between physical activity, sedentary time and waist circumference 
among adolescents is important among Chinese-Australian adolescents, as increased 
fat mass tends to be distributed abdominally.(41, 321) Therefore, differences in the 
relationship between physical activity and sedentary time and waist circumference 
may vary from those found for BMI and warrant investigation. 
 
This chapter examined the independent relationship between physical activity, 
sedentary time and BMI/waist circumference among a sample of Chinese-Australian, 
South-East Asian and Anglo-Australian adolescents (12-16 years).  The results 
demonstrated clear ethnic differences in the amount of variance in BMI and waist 
circumference explained in each model, particularly among Chinese-Australian 
adolescents.  Significant positive associations with light-intensity physical activity 
and BMI and waist circumference among Chinese-Australian adolescents were 
observed, even after controlling for sedentary time, MVPA, age, gender, SES 
covariates and school-level clustering.  In addition, demographic and socioeconomic 
differences in associations with BMI and waist circumference were observed 
between ethnic groups.  Although, the cross-sectional analysis conducted in this 
study cannot determine causality, the results highlight specific ethnic relationships 
between BMI and waist circumference which could be targeted in future 
interventions.  
 
7.4.1 Relationship between physical activity, sedentary time and BMI 
In this study, a positive association between light-intensity physical activity and BMI 
was observed among Chinese-Australian adolescents.  It is theorised that Chinese-
Australian adolescents at higher BMI levels are engaging in light-intensity physical 
activity in preference to MVPA.  This theory is partially supported by the findings 
from the 2007 to 2009 Canadian Health Measures Survey (CHMS), which also used 
accelerometry among a representative sample of Canadian youth.(322)  In the CHMS, 
adolescent boys (11 – 14 years) who were overweight (51 mins.d-1) or obese (44 
mins.d-1) engaged in significantly less daily MVPA than normal weight boys (65 
 - 233 - 
mins.d-1, p< 0.05).(322)  However, daily light-intensity physical activity did not 
significantly differ between normal weight and overweight or obese boys and girls.  
In addition, there was a tendency for obese girls (262 mins.d-1) to engage in more 
light-intensity physical activity than normal weight girls (249 mins.d-1), however, 
this was not significant.(322)  Assuming light-intensity physical activity was being 
accrued in preference to MVPA among Chinese-Australian participants with a higher 
BMI, then a negative relationship with MVPA would be expected.  It is possible that 
a negative relationship was not revealed due to the low level of MVPA engagement 
and spread in values among Chinese-Australian adolescents (23.7, IQR = 11.7, 35.8 
mins.d-1) and the cross-sectional study design.  Null findings between physical 
activity and BMI are common among cross-sectional study designs.(318)   
 
The Beijing Child and Adolescent Metabolic Syndrome (BCAMS) study examined 
the association between self-reported and proxy-reported physical activity and screen 
time with overweight and obesity among 19,593 youth (6-18 years).(311)  The 
BCAMS found participants who engaged in less than 60 mins.d-1 of MVPA were 
more likely to be overweight or obese compared to youth who engaged in more than 
60 mins.d-1 of MVPA (OR overweight: 1.13, 95% CI: 1.01; 1.27; OR obese: 1.14, 
95% CI: 1.01, 1.30).(311)  In addition, participants who engaged in more than 2hrs.d-1 
of screen time had a higher odds for obesity (but not overweight) compared to 
participants who engaged in less than 1hrs.d-1 of screen time (OR obese: 1.27, 95% 
CI: 1.12, 1.44).  In the CAAHS, MVPA and sedentary time were not associated with 
BMI among Chinese-Australian adolescents.  Whilst differences in the measure of 
adiposity are evident between the two studies (mean BMI vs. weight status category), 
the use of the continuous variable (BMI) was considered more appropriate in the 
CAAHS than applying the more arbitrary IOTF(77) or WHO(78) BMI cut-offs.  The 
non-significant relationship with BMI and MVPA and sedentary time in the CAAHS 
compared to the BCAMS is likely to reflect the use of an objective measure of 
physical activity and sedentary time and small sample of Chinese adolescents (N= 
100) in the present study compared to almost 20,000 in the BCAMS. 
 
An interesting finding of the CAAHS study was that sedentary time was not 
significantly associated with mean BMI for any ethnic group.  This finding is 
identical to the review by Pate et al., (2011) where the relationship between BMI and 
screen-based, non-screen based and accelerometry measured sedentary time was 
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inconsistent,(147) however, dissimilar to the findings of other reviews of a positive 
relationship with sedentary time(27, 28) and TV/computer use.(148)  In the Australian 
context, the 2007 National Children’s Nutrition and Physical Activity Survey found 
the likelihood of being overweight or obese was higher among boys and girls who 
exceeded the national screen time recommendations than those who did not meet the 
MVPA recommendations (≥ 60 mins.d-1).(142, 323) It is apparent that the specific type 
of sedentary behaviour may influence the observed correlation with BMI. A British 
study among children aged 10 years observed a similar finding with the objective 
examination of sedentary time.(275)  In this study, sedentary time was not significantly 
associated with BMI.  The findings in the CAAHS highlight the need for future 
investigations on the specific types of sedentary behaviour and overall sedentary time 
with BMI to consistently understand these associations.  
 
Finally, ethnic-specific demographic influences on BMI were observed with Anglo-
Australian girls having a significantly higher mean BMI than boys.  In addition, 
increasing age corresponded to a higher mean BMI among Chinese-Australian 
adolescents and low SES South-East Asian adolescents had a higher mean than high 
SES South-East Asian adolescents.  A culmination of factors may have contributed 
to these results including genuine CALD specific relationships, differences in the 
number of respondents in each ethnicity category and sampling bias within the 
CAAHS design which may not be representative of the wider population.  As 
discussed in Chapter 6, an inconsistent relationship with gender and BMI has been 
observed,(11, 294) however, increasing age is consistently positively associated with 
BMI.(293, 294)   
 
7.4.2 Relationship between physical activity, sedentary time and waist 
circumference 
Differences in the relationship between BMI and waist circumference was evident in 
the CAAHS study, with the amount of variance explained in the final model varying 
between BMI and waist circumference among Anglo-Australian (13% vs. 8%), 
Chinese- Australian (31% vs. 14%) and South-East Asian adolescents (20% vs. 
10%), respectively.  These findings have important implications for future 
interventions as they highlight ethnic-specific trends. 
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The only significant relationships observed with objectively measured participation 
and sedentary time were found among Chinese-Australian adolescent; with a positive 
association observed with light-intensity physical activity and a negative association 
with sedentary time.  Since light-intensity physical activity reflected the greatest 
volume of activity across the entire day for Chinese-Australian adolescents, it is 
postulated that similar to the associations with BMI, light-intensity physical activity 
is being engaged in preference to the more taxing MVPA among Chinese-Australian 
adolescents with higher waist circumferences.  Compared to the international 
literature, this finding is in contrast to a review by Kim & Lee (2009) where the 
results indicated that increased physical activity was associated with a lower waist 
circumference, independent of sedentary behaviour.(324)  Interestingly, only one study 
in the review examined the relationship between physical activity and waist 
circumference using accelerometry (the Swedish arm of the European Youth Health 
Study).(325)  This study found Swedish adolescents (mean 15.6 ± 0.4 years) in the 
lowest tertile of vigorous physical activity had higher odds for high waist 
circumference compared to adolescents in the highest tertile for vigorous activity 
(OR: 2.1, 95% CI: 1.1; 3.9).(325) In the UK, a study among children aged 10 y found 
objectively measured light-intensity physical activity was negatively association with 
waist circumference, however, this association was attenuated after controlling for 
the influence of age and sex and a range of covariates.(275)   
 
The significant negative relationship with sedentary time and mean waist 
circumference among Chinese-Australian youth in the CAAHS was minor, 
accounting for no discernible change in waist circumference (E= -0.00, 95% CI: -
0.03; -0.00 cm).  In a recent study among 4708 Chinese youth from the Liaoning 
Province of mainland China (6-16 years), self-reported television time (≥ 1.5 hrs.d-1) 
was positively associated with mean waist circumference and BMI.(326)  It was also 
found through multivariate linear regression analyses, that television viewing in 
excess of  ≥1.5 hrs.d-1 corresponded to a 0.27 kg/m2 increase in mean BMI and 1.02 
cm increase in mean waist circumference.  In the CAAHS, this positive relationship 
with sedentary time was not detected as was found among youth in China, and is 
largely reflective of the objective examination of sedentary time.  However, future 
analyses of the CAAHS data should examine if self-reported television viewing time 
is independently associated with mean waist circumference and BMI.  
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7.4.3 Limitations and strengths 
Please see chapter 6.5.6 for a discussion on the limitations and strengths of the 
CAAHS study, as these concepts transcend all the results (Chapters 6-8).   
 
7.5 Conclusion 
In this chapter, ethnic specific differences in the relationship between physical 
activity, sedentary time and BMI/ waist circumference were observed.  A positive 
relationship between objectively measured light-intensity physical activity and BMI 
and waist circumference was observed among Chinese-Australian adolescents.  
Ethnic-specific demographic influences on BMI and waist circumference were also 
revealed.  The strength of these findings was that they remained after controlling for 
a range of covariates and school-level clustering.  Future investigations among 
Chinese-Australian adolescents should examine if MVPA participation is being 
displaced for light-intensity physical activity among adolescents with a high BMI 
and/or waist circumference.   
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Chapter 8. Potential correlates of physical activity 
and sedentary time among a sample of Chinese-
Australian, South-East Asian and Anglo-Australian 
adolescents 
8.1 Introduction 
Several reviews have applied an ecological approach to examine the demographic 
and biological, psychological, behavioural, social and environmental influences on 
physical activity(193-195) and sedentary behaviour(193, 194) among children and 
adolescents.  However, there is a need to examine these influences among Asian 
youth as their physical activity levels have consistently been shown to be lower (29, 30, 
32-34, 36-39)  and their sedentary behaviour participation higher(30, 33, 36, 38) than their 
non-CALD peers (typically European background). In addition, an understanding of 
the modifiable psychological and social influences using psychometrically tested 
instruments is needed as these influences have previously been shown to vary among 
Asian youth compared to their non-CALD peers.(191, 192, 199, 256)    The findings from 
such investigations can contribute to a greater understanding of differences in 
physical activity and sedentary behaviour as well as highlight possible targets for 
future intervention.  Therefore, this chapter examined if differences existed in 
median responses on a range of perceived psychological and social influences and 
whether these were associated with participation in objectively measured physical 
activity and sedentary behaviour among a sample of Chinese-Australian, South-East 
Asian and Anglo-Australian adolescents (12-16y). 
 
8.2 Aims 
1. To examine median differences in a range of potential psychological and  
social correlates of physical activity participation among a sample of 
Chinese-Australian, South-East Asian Anglo-Australian adolescents aged 12-
16 years; and 
2. To investigate whether potential psychological and social correlates were 
associated with duration of objectively measured physical activity and 
sedentary time among a sample of Chinese-Australian, South-East Asian and 
Anglo-Australian adolescents aged 12-16 years. 
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8.3 Methods 
Chapter 5 provides a detailed description of the methodology used in the CAAHS 
(instrument selection, sample and recruitment, procedure, measures and data 
management).  In brief the 37-items within the CAPANS-BA questionnaire that were 
psychometrically tested in Chapter 4 and were subject to an exploratory factor 
analysis (resulting in an eight factor structure), were used in conjunction with 
objectively measured physical activity and sedentary behaviour. 
 
It is important to note that several statements were reverse coded (as done in Chapter 
4) so that a higher value indicated a positive effect on physical activity participation.  
8.3.1 Statistical analyses 
Kruskal-Wallis tests with post-hoc multi-comparison adjustment were carried out to 
examine significant differences between ethnic category and median responses to the 
37 perceived psychological and social statements and eight factors. 
 
In depth, multiple hierarchical linear regression analyses(263) were used to examine 
the relationship between the 8 factor structure and various activity intensities whilst 
accounting for age, gender, SES category and clustering at the school-level.  These 
regression analyses were conducted for each intensity of activity and each of the 
ethnic groups.  Since time spent in sedentary, light, and MVPA were not normally 
distributed, they were accordingly adjusted by examining all common logarithm 
(log) transformations (see Chapter 5.4.6).  A separate series of adjusted and 
unadjusted regression analyses were conducted.  
 
In Step 1 to Step 8, each of the eight factors were entered into the regression model 
individually (Social – Family friend support; Psychological – Perceived barriers; 
Social – Parental co-participation/fear; Psychological – Preference/attitude; Social- 
Family education beliefs; Psychological – Negative outcome expectation;  
Psychological – Positive outcome expectation;  and Psychological – Personal 
benefits).  As outlined in Chapter 4.4, each factor has been examined for a possible 
correlation with self-reported MVPA, with all but the Psychological – Negative 
outcome expectation suggesting a positive relationship with MVPA.  In Step 9, 
gender and age were entered into the regression model  and SES category into Step 
10 to control for their documented influence on physical activity.(193)  It was 
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hypothesised that all factors but the Psychological - Negative outcome expectation 
factor would be positively associated with MVPA participation in the final model.  
Statistical significance was set at p<0.05 for all analyses.   
 
8.3 Results 
8.3.1 Perceived psychological and social influences on physical activity 
participation by ethnic group 
Table 8.1 provides the median responses to the 25 psychological statements and 
Table 8.2 to the 12 social statements by ethnic group.   It is important to note that a 
higher median value (maximum of 5) represents a more positive influence on 
physical activity.  Significant ethnic differences were observed for 11 of the 37 
statements, five were psychological and six were social influences.  In particular, 
both Chinese-Australian and South-East Asian adolescents believed their parents 
viewed education as more important than physical activity compared to Anglo-
Australian adolescents (P<0.01).   
 
The median value did not vary on several significant analyses, therefore the mean 
value was examined and contrasted for each item (Appendix 15).  These analyses 
helped clarify the direction of association for several items. 
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Table 8.1 Ethnic differences in responses to the 25 psychological statements 
(median + IQR)  
Item Anglo- 
Australian  
(N = 110)  
Chinese-
Australian  
(N = 100) 
South-East 
Asian 
(N = 76) 
Psychological    
Perceived barriers    
I don’t have enough time for PA 4.0 (4.0, 5.0) 4.0 (2.0, 4.0) Φ 4.0 (3.0, 4.0) 
Others laugh at me when I am PA 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) Φ 5.0 (4.0, 5.0) 
I don’t have proper equipment to play sport 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 
I have a health problem that prevents me 
being PA 
5.0 (4.0, 5.0) 5.0 (5.0, 5.0) 5.0 (4.0, 5.0) Ώ 
I have an injury that prevents me being PA 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 
I am scared that I might get hurt if I played a 
sport 
5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 
There are no parks/sporting grounds 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 
I don’t like how being physically active 
makes me feel 
4.0 (3.0, 5.0) 4.0 (3.0, 5.0) 4.0 (4.0, 5.0) 
I look funny when I am physically active 3.0 (2.0, 4.0) 4.0 (3.0, 5.0) Φ 4.0 (3.0, 4.0) 
Self-efficacy    
I don’t think I am very good at PA 4.0 (3.0, 5.0) 4.0 (3.0, 4.0) 4.0 (3.0, 4.0) 
Preference    
I prefer to watch TV or play electronic games 3.0 (3.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 
I don’t like physical activity 4.0 (4.0, 5.0) 4.0 (4.0, 5.0) 5.0 (4.0, 5.0) 
Activity level perception    
     I do a lot of PA 4.0 (3.0, 4.0) 4.0 (3.0, 4.0) 4.0 (3.0, 4.0) 
Personal benefits    
Keep me healthy 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 
Improve my appearance 4.0 (4.0, 5.0) 4.0 (4.0, 5.0) 4.0 (4.0, 5.0) 
Make me feel good about myself 4.0 (4.0, 5.0) 4.0 (4.0, 5.0) 4.0 (4.0, 5.0) 
Make or keep me fit 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 
Help me lose weight or help me control my 
weight 
4.0 (3.0, 5.0) 4.0 (3.0, 5.0) 4.0 (4.0, 5.0) 
Let me have a lot of fun 4.0 (4.0, 5.0) 4.0 (4.0, 5.0) 5.0 (4.0, 5.0) 
Positive outcome expectation    
Make my parents/carers happy 4.0 (3.0, 4.0) 3.0 (3.0, 4.0) 4.0 (3.0, 4.0) 
Help me spend time with my friends 4.0 (3.0, 4.0) 4.0 (3.0, 4.0) 4.0 (4.0, 5.0)+ 
Help me make new friends 4.0 (3.0, 4.0) 4.0 (3.0, 5.0) 4.0 (3.0, 5.0) 
Help me study and learn better 4.0 (3.0, 4.0) 4.0 (3.0, 5.0) 4.0 (3.0, 5.0) 
Negative outcome expectation    
Prevent me doing other things I like more 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 4.0 (3.0, 4.0) 
Prevent me from doing homework/study 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 
Kruskal-Wallis test with post-hoc multi comparison adjustment were used to compare differences 
between Anglo-Australian, Chinese-Australian and South-East Asian adolescents; Φ = Chinese-
Australian adolescents differ significantly from Anglo-Australian (P<0.01); +  =  South-East Asian 
adolescents differed significantly from Anglo-Australian (P<0.01); Ώ = South-East Asian adolescents 
significantly different from Chinese-Australian adolescents (P<0.01); and IQR = Interquartile range. 
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Table 8.2  Ethnic differences in responses to the 12 social statements (median + 
IQR) 
Item 
 
Anglo- 
Australian  
(N = 110)  
Chinese-
Australian  
(N = 100) 
South-East 
Asian 
(N = 76) 
Social    
 Parental activity    
     Mum does a lot of PA 3.0 (2.0, 4.0) 2.0 (2.0, 2.0) Φ 3.0 (1.0, 4.0) 
     Dad does a lot of PA 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 
 Support (parent)    
Mum doesn’t encourage me to be PA 5.0 (4.0, 5.0) 4.0 (4.0, 5.0) 4.0 (3.0, 5.0) + 
Dad doesn’t encourage me to be PA 5.0 (4.0, 5.0) 4.0 (4.0, 5.0) 4.0 (3.0. 5.0) 
Mum doesn’t help me be physically active 5.0 (4.0, 5.0) 4.0 (3.0, 5.0) Φ 4.0 (3.0, 5.0) 
Dad doesn’t help me be physically active 4.0 (4.0, 5.0) 4.0 (3.0, 5.0) 4.0 (3.0, 5.0) 
Support     
None of my friends want to do more exercise 
or activity with me 
4.0 (3.0, 5.0) 4.0 (4.0, 5.0)  4.0 (4.0, 5.0) + 
I don't have anyone to be PA with 4.0 (2.0, 5.0) 4.0 (3.0, 4.0)  4.0 (3.0, 5.0) 
Parental co-participation    
Mum isn’t  physically active with me 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 
Dad isn’t physically active with me 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 
Parental education preference    
Mum thinks education is more important 3.0 (3.0, 4.0) 2.0 (1.0, 3.0) Φ 2.0 (1.0, 3.0) + 
Dad thinks education is more important 3.0 (3.0, 4.0) 2.0 (1.0, 3.0) Φ 2.0 (1.0, 3.0) + 
Kruskal-Wallis test with post-hoc multi comparison adjustment were used to compare differences 
between Anglo-Australian, Chinese-Australian and South-East Asian adolescents; Φ = Chinese-
Australian adolescents differ significantly from Anglo-Australian (P<0.01); +  =  South-East Asian 
adolescents differed significantly from Anglo-Australian (P<0.01); and IQR = Interquartile range. 
 
 
Table 8.3 displays the overall median value for each factor by each ethnic group.  A 
consistently lower median observed for  perceived family education beliefs between 
Chinese-Australian, South-East Asian and Anglo-Australian adolescents (P<0.001).  
In addition, a positive preference/attitude towards physical activity was significantly 
lower among South-East Asian adolescents compared to Anglo-Australian 
adolescents (P<0.001) 
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Table 8.3 Ethnic differences in responses to the summated 8 factor scores 
(median + IQR) 
Factor Anglo-  
Australian  
(N = 110)  
Chinese- 
Australian   
(N = 100) 
South-East 
Asian 
(N = 76) 
Social- Family/friend support 28.0 (24.0, 32.0) 28.0 (23.0, 31.0) 28.0 (23.0, 32.0) 
Psychological – Perceived barriers 21.0 (18.0, 23.0) 22.0 (19.0, 24.0) 21.0 (18.0, 23.0) 
Social – Parental co-participation/ fear 11.0 (9.0, 12.0) 10.0 (8.0. 12.0) 10.0 (8.0, 12.0) 
Psychological – Preference/attitude 12.0 (10.0, 13.0) 11.0 (9.0, 12.0) 11.0 (8.0, 13.0) + 
Social – Family education beliefs 6.0 (4.0, 7.0) 4.0 (2.0, 6.0) Φ 4.0 (2.0, 5.0) + 
Psychological – Personal benefits 25.0 (22.0, 28.0) 25.0 (23.0, 28.0) 26.0 (23.0, 28.0) 
Psychological – Positive outcome 
expectation 
14.0 (12.0, 16.0) 14.0 (12.0, 16.0) 14.0 (12.0, 16.0) 
Psychological – Negative outcome 
expectation 
6.0 (4.0, 7.0) 6.0 (4.0, 8.0) 6.0 (4.0, 8.0) 
Kruskal-Wallis test with post-hoc multi comparison adjustment were used to compare differences 
between Anglo-Australian, Chinese-Australian and South-East Asian adolescents; Φ = Chinese-
Australian adolescents differ significantly from Anglo-Australian (P<0.001); +  =  South-East Asian 
adolescents differed significantly from Anglo-Australian (P<0.001); and IQR = Interquartile range. 
 
8.3.2 Associations between psychological and social influences and 
physical activity and sedentary time by ethnic group 
Multiple hierarchical regression analyses were performed to investigate the 
relationship between physical activity and sedentary time participation and the eight 
factor structure.  Separate regression analyses were conducted for duration  (mins.d-1) 
spent in daily (Mon-Sun) sedentary (Table 8.4), light (Table 8.5) and MVPA  
intensities (Table 8.6) for each ethnic group.  Both adjusted and unadjusted 
regression analyses were conducted.  In the adjusted and unadjusted regression 
models, minimal differences in the amount of variance explained for each step was 
evident, therefore, the unadjusted models are presented with the adjusted models are 
available Appendix 16. 
 
In Table 8.4 the results of the regression analyses for duration spent in daily 
sedentary time are presented.  Ethnic differences in the amount of variance in 
sedentary time explained by the eight factor structure were evident.  The eight factor 
structure explained 17% of the variance in sedentary time among Anglo-Australian, 
20% among Chinese-Australian and 23% among South-East Asian adolescents after 
adjustment for a range of covariates.  Two perceived psychological influences 
(perceived barriers and negative outcome expectation) were significantly, and 
positively associated with duration spent in daily sedentary time among Anglo-
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Australian adolescents.  In contrast, these significant associations were not observed 
among Chinese-Australian or South-East Asian adolescents.  The only significant 
psychological or social association with objectively measured participation among 
these ethnic groups was increased ‘preference/attitude’ and increased daily sedentary 
behaviour participation (E= 8.8, 95% CI: 2.84; 14.84 mins.d-1) among Chinese-
Australian adolescents.  The regression analyses also presents ethnic-specific 
analyses of demographic and socioeconomic influences on sedentary time 
participation.  Gender (being female) was positively associated with sedentary time 
among Chinese-Australian and South-East Asian adolescents, however this was not 
evident for Anglo-Australian adolescents. 
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Table 8.4 Ethnic differences in the relationship between potential correlates and 
daily# sedentary time (β + 95% CI) 
 Anglo- Australian 
Sedentary mins.d1 
Chinese-
Australian 
Sedentary mins.d1 
South-East Asian  
 Sedentary mins.d1 
Step 1  (R2=0.00) (R2=0.01) (R2=0.04) 
Social- Family/friend support -0.3* (-0.56; -0.05) 1.4 (-4.50; 7.21) -2.2 (-5.82; 1.48) 
Step 2 (R2=0.01;  
ΔR2=0.01) 
(R2=0.03;  
ΔR2=0.02) 
(R2=0.04;  
ΔR2= 0.00) 
Social- Family/friend support -1.0 (-3.66; 1.67) 0.9 (-4.22; 6.04) -2.3 (-5.61; 1.10) 
Psychological- Perceived 
barriers 
1.7 (-3.12; 6.53) 2.6 (-3.63; 8.89) 0.4 (-1.90; 2.73) 
Step 3 (R2 = 0.01;  
ΔR2=0.00) 
(R2=0.03; 
 ΔR2 = 0.00) 
(R2=0.05;  
ΔR2 = 0.01) 
Social- Family/friend support -0.7 (-6.29; 4.81) 1.3 (-4.44; 6.97) -2.0 (-5.14; 1.10) 
Psychological- Perceived 
barriers 
1.9 (-1.40; 5.14) 2.8 (-3.55; 9.07) 0.4 (-2.14; 3.01) 
Social- Parental co-
participation/fear 
-1.2 (-14.04; 11.68) -1.8 (-8.26; 4.69) -2.3 (-6.84; 2.18) 
Step 4 (R2 = 0.02;  
ΔR2=0.01) 
(R2=0.03; 
 ΔR2 = 0.00) 
(R2=0.05;  
ΔR2 = 0.00) 
Social- Family/friend support -0.6 (-5.09; 3.82) 1.3 (-4.31; 6.96) -2.1 (-5.75; 1.59) 
Psychological- Perceived 
barriers 
1.8 (-0.89; 4.51) 2.8 (-3.60; 9.17) 0.5 (-1.64; 2.67) 
Social- Parental co-
participation/fear 
-1.1 (-14.97; 12.82) -1.8 (-8.47; 4.98) -2.5 (-7.32; 2.29) 
Social- Family education 
beliefs 
-0.7 (-7.30; 5.91) -0.5 (-4.04; 3.12) 0.9 (-11.86; 13.62) 
Step 5 (R2 = 0.02;  
ΔR2=0.00) 
(R2=0.07; 
 ΔR2 = 0.04) 
(R2=0.05;  
ΔR2 = 0.00) 
Social- Family/friend support -0.7 (-5.02; 3.68) 0.6 (-5.47; 6.56) -2.3 (-5.76; 1.16) 
Psychological- Perceived 
barriers 
1.8 (-1.15; 4.68) 1.6 (-4.04; 7.30) 0.3 (-2.23; 2.75) 
Social- Parental co-
participation/fear 
-1.0 (-14.81; 12.74) -2.1 (-7.78; 3.66) -3.3 (-9.22; 2.54) 
Social- Family education 
beliefs 
-0.7 (-7.44; 6.10) -0.8 (-3.55; 2.03) 0.8 (-12.17; 13.85) 
Psychological-
Preference/attitude 
0.2 (-1.33; 1.67) 5.7* (0.97; 10.33) 1.9 (-3.71; 7.44) 
Step 6 (R2 = 0.02;  
ΔR2=0.00) 
(R2=0.07; 
 ΔR2 = 0.00) 
(R2=0.07;  
ΔR2 = 0.02) 
Social- Family/friend support -0.8 (-4.57; 3.07) 0.3 (-5.99; 6.62) -2.0 (-5.27; 1.35) 
Psychological- Perceived 
barriers 
2.1*** (1.68; 2.43) 1.7 (-4.08; 7.40) 0.1 (-2.68; 2.84) 
Social- Parental co-
participation/fear 
-0.9 (-13.71; 11.94) -2.6 (-8.15; 2.98) -4.3(-11.53; 2.88) 
Social- Family education 
beliefs 
-0.5 (-8.74; 7.68) -0.1 (-3.61; 1.82) -1.0 (-13.16; 11.09) 
Psychological-
Preference/attitude 
-0.3 (-4.46; 3.97) 6.2* (1.83; 10.48) 2.5 (-4.00; 8.92) 
Psychological- Personal 
benefits 
-1.0 (-11.23; 9.16) 1.7 (-2.94; 6.25) 3.5 (-1.57; 8.64) 
Step 7 (R2 = 0.03;  
ΔR2=0.00) 
(R2=0.09; 
 ΔR2 = 0.02) 
(R2=0.07;  
ΔR2 = 0.00) 
Social- Family/friend support -0.4 (-3.31; 2.50) 0.2 (-6.47; 6.94) -1.9 (-5.65; 1.95) 
Psychological- Perceived 
barriers 
1.9*** (1.56; 2.28) 1.5 (-4.53; 7.44) -0.1 (-2.03; 1.94) 
Social- Parental co-
participation/fear 
-1.5 (-13.12; 10.22) -2.2 (-8.20; 3.79) -4.1 (-11.96; 3.72) 
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Social- Family education 
beliefs 
-1.1 (-12.59; 10.48) -0.9 (-4.96; 3.09) -1.4 (-14.28; 11.50) 
Psychological-
Preference/attitude 
-0.3 (-4.03; 3.51) 6.1* (1.29; 10.99) 2.3 (-4.69; 9.26) 
Psychological- Personal 
benefits 
-1.8 (-10.69; 7.04) -0.4 (-5.84; 5.02) -3.2 (-3.86; 10.26) 
Psychological- Positive 
outcome expectation 
2.6 (-2.51; 7.63) 4.4 (-1.71; 10.46) 0.8 (-5.27; 6.87) 
Step 8 (R2 = 0.06;  
ΔR2=0.03) 
(R2=0.12; 
 ΔR2 = 0.03) 
(R2=0.07;  
ΔR2 = 0.00) 
Social- Family/friend support -0.8 (-5.63; 4.04) 0.9 (-4.36; 6.17) -2.1 (-5.92; 1.76) 
Psychological- Perceived 
barriers 
2.2** (1.71; 2.69) 2.1 (-3.55; 7.75) -0.1 (-2.03; 1.90) 
Social- Parental co-
participation/fear 
-1.7 (-13.47; 10.22) -1.7 (-8.06; 4.71) -4.2 (-12.23; 3.83) 
Social- Family education 
beliefs 
-0.8 (-11.14; 9.58) -1.2 (-5.05; 2.64) -1.8 (-14.02; 10.49) 
Psychological-
Preference/attitude 
-1.3 (-5.64; 3.01) 7.2 * (1.44; 12.92) 2.5 (-4.14; 9.07) 
Psychological- Personal 
benefits 
-2.5 (-10.00; 5.07) -0.8 (-5.53; 3.96) 3.3 (-3.98; 10.65) 
Psychological- Positive 
outcome expectation 
1.9 (-2.36; 6.12) 4.8 (-1.22; 10.73) 0.5 (-5.59; 6.64) 
Psychological- Negative 
outcome expectation 
4.5(-0.03; 9.01) -5.9 (-14.78; 3.07) 2.0 (-5.79; 9.84) 
Step 9 (R2=0.16;  
ΔR2=0.10) 
(R2=0.19;  
ΔR2=0.07) 
(R2=0.21;  
ΔR2= 0.13) 
Social- Family/friend support -0.5 (-4.77; 3.72) 0.9 (-4.56; 6.29) -1.0 (-4.96; 2.95) 
Psychological- Perceived 
barriers 
1.9* (0.03; 3.67) 0.4 (-4.82; 5.62) 0.2 (-1.44; 1.75) 
Social- Parental co-
participation/fear 
-0.8 (-14.23; 12.62) -2.0 (-9.26; 5.31) -1.3 (-11.36; 8.79) 
Social- Family education 
beliefs 
-2.0 (-7.12; 3.06) -0.5 (-3.36; 2.33) -3.6 (-18.06; 10.80) 
Psychological-
Preference/attitude 
-1.8 (-4.09; 0.46) 8.7** (3.15; 14.31) 3.0 (-4.05; 10.09) 
Psychological- Personal 
benefits 
-3.7 (-9.08; 1.75) -1.7 (-6.77; 3.30) 1.7 (-6.76; 10.13) 
Psychological- Positive 
outcome expectation 
1.9  (-0.01; 3.73) 4.7 (-1.14; 10.60) 2.1 (-6.07; 10.17) 
Psychological- Negative 
outcome expectation 
4.5 * (2.03; 6.98) -6.9 (-15.31; 1.44) 1.0 (-4.78; 6.85) 
Boys REF REF REF 
Girls 31.0 (-12.69; 74.67) 42.6**(14.97; 70.14) 42.8* (4.76; 80.76) 
Age (years) 10.7 (-19.12; 40.45) 6.1 (-16.21; 28.30) 14.5 (-5.06; 34.06) 
Step 10 (R2 = 0.17;  
ΔR2=0.01) 
(R2=0.20; 
 ΔR2 = 0.01) 
(R2=0.23;  
ΔR2 = 0.02) 
Social- Family/friend support -0.5 (-4.80; 3.78) 0.9 (-4.63; 6.32) -1.1 (-5.02; 2.80) 
Psychological- Perceived 
barriers 
1.8* (0.19; 3.39) 0.4 (-5.03; 5.77) -0.0 (-1.36; 1.34) 
Social- Parental co-
participation/fear 
-0.8 (-13.90; 12.31) -2.0 (-9.49; 5.46) -1.2 (-10.83; 8.35) 
Social- Family education 
beliefs 
-1.9 (-7.35; 3.55) -0.7 (-3.43; 1.98) -4.5 (-17.16; 8.13) 
Psychological-
Preference/attitude 
-1.8 (-4.14; 0.49) 8.8** (2.84; 14.84) 3.0 (-3.56; 9.52) 
Psychological- Personal 
benefits 
-3.7 (-9.10; 1.81) -1.7 (-6.80; 3.34) 2.2 (-6.51; 10.94) 
Psychological- Positive 
outcome expectation 
1.7 (0.04; 3.38) 4.6 (-1.59; 10.87) 2.0 (-6.66; 10.67) 
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Psychological- Negative 
outcome expectation 
4.5* (2.10; 6.97) -7.1 (-15.50; 1.41) 1.4 (-3.76; 6.58) 
Boys REF REF REF 
Girls 31.2 (-12.06; 74.50) 42.6**(14.98; 70.28) 43.1* (5.83; 80.34) 
Age (years) 10.7 (-19.38; 40.81) 5.8 (-17.04; 28.61) 13.6 (-7.80; 35.09) 
High SES REF REF REF 
Low SES 4.0 (-8.12; 16.12) -4.3 (-35.25; 26.70) -15.5 (-51.37; 20.48) 
# = Based on 3-days of monitoring (including 1 weekend day); ** = significance p <0.01; Low SES = 
IRSD ≤999; High SES = IRSD ≥ 1000;  β = beta coefficient and CI = 95% confidence interval. 
 
Table 8.5 presents the relationship between daily light-intensity physical activity and 
potential psychological and social correlates of participation by ethnic group.  In 
contrast to sedentary time, the only significant psychological or social associations 
were observed among Anglo-Australian adolescents. In the final model, a 1-unit 
increase in the ‘perceived barriers’ factor was associated with lower daily light 
intensity physical activity participation (E= -2.7, 95% CI: -4.28; -1.02 mins.d-1).  In 
addition, a 1-unit increase in the ‘personal benefits’ factor was positively associated 
with light-intensity physical activity participation (E= 1.8, 95% CI: 0.63; 3.12 
mins.d-1).  Ethnic differences in demographic and socioeconomic influences on 
participation were also observed with increasing age being negatively associated 
with light-intensity physical activity among South-East Asian adolescents only (E= -
9.5, 95% CI: -16.43; -2.60 mins.d-1).   
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Table 8.5 Ethnic differences in the relationship between potential correlates and 
daily# light-intensity physical activity (mins.d-1) (β + 95% CI) 
 Anglo- 
Australian 
Light mins.d1 
Chinese-
Australian 
Light mins.d1 
South-East 
Asian  
 Light mins.d1 
Step 1  (R2=0.00) (R2=0.03) (R2=0.00) 
Social- Family/friend support 0.4 (-1.23; 1.93) 1.3 (-1.10 3.59) -0.0 (-1.25; 1.23) 
Step 2 (R2=0.03;  
ΔR2=0.03) 
(R2=0.04;  
ΔR2=0.01) 
(R2=0.00;  
ΔR2= 0.00) 
Social- Family/friend support 1.2 (-0.79; 3.15) 1.5 (-1.54; 4.45) 0.1 (-1.26; 1.50) 
Psychological- Perceived 
barriers 
-2.0* (-3.72; -0.35) -1.3 (-5.48; 2.95) -0.6 (-2.24; 0.98) 
Step 3 (R2 = 0.05;  
ΔR2=0.02) 
(R2=0.04; 
 ΔR2 = 0.00) 
(R2=0.07;  
ΔR2 = 0.07) 
Social- Family/friend support 0.7 (-3.06; 4.37) 1.5 (-2.07; 4.97) -0.3 (-1.57; 1.04) 
Psychological- Perceived 
barriers 
-2.4* (-4.74; -0.03) -1.3 (-5.41; 2.88) -0.7 (-2.29; 0.96) 
Social- Parental co-
participation/fear 
2.4 (-5.99; 10.87) 0.3 (-5.01; 5.08) 3.8 (-0.91; 8.53) 
Step 4 (R2 = 0.05;  
ΔR2=0.00) 
(R2=0.05; 
 ΔR2 = 0.01) 
(R2=0.11;  
ΔR2 = 0.04) 
Social- Family/friend support 0.7 (-1.70; 3.04) 1.3 (-1.92; 4.51) -0.6 (-2.03; 0.83) 
Psychological- Perceived 
barriers 
-2.4 (-5.43; 0.64) -1.3 (-5.70; 3.04) -0.2 (-2.04; 1.63) 
Social- Parental co-
participation/fear 
2.5 (-7.30; 12.21) 0.1 (-5.21; 5.08) 2.8 (-3.01; 8.64) 
Social- Family education 
beliefs 
-0.1 (-9.26; 9.04) 1.3 (-2.10; 4.60) 4.8 (-2.49; 12.17) 
Step 5 (R2 = 0.06;  
ΔR2=0.01) 
(R2=0.08; 
 ΔR2 = 0.03) 
(R2=0.16;  
ΔR2 = 0.05) 
Social- Family/friend support 0.3 (-1.17; 1.76) 0.9 (-2.58; 4.29) -1.1 (-2.91; 0.70) 
Psychological- Perceived 
barriers 
-2.8***(-3.26; -2.43) -2.0 (-6.83; 2.85) -0.8 (-2.93; 1.33) 
Social- Parental co-
participation/fear 
2.9 (-4.85; 10.56) -0.2 (-5.02; 4.54) 0.9 (-6.69; 8.38) 
Social- Family education 
beliefs 
0.1 (-9.91; 10.14) 1.1 (-1.42; 3.59) 4.8 (-2.27; 11.76) 
Psychological-
Preference/attitude 
1.8 (-8.89; 12.39) 3.2 (-0.05; 6.50) 4.4 (-0.22; 8.93) 
Step 6 (R2 = 0.06;  
ΔR2=0.00) 
(R2=0.09; 
 ΔR2 = 0.01) 
(R2=0.16;  
ΔR2 = 0.00) 
Social- Family/friend support 0.4 (-1.14; 1.86) 0.9 (-2.36; 4.24) -1.1 (-2.88; 0.73) 
Psychological- Perceived 
barriers 
-3.1** (-4.01; -2.17) -2.0 (-6.80; 2.79) -0.8 (-3.10; 1.47) 
Social- Parental co-
participation/fear 
2.7 (-5.03; 10.49) -0.0 (-4.73; 4.64) 0.8 (-7.53; 9.05) 
Social- Family education 
beliefs 
-0.0 (-10.39; 10.38) 1.1 (-1.05; 3.32) 4.9 (-2.63; 11.80) 
Psychological-
Preference/attitude 
2.1 (-7.05; 11.29) 3.0 (-0.01; 6.08) 4.4 (-0.76; 9.56) 
Psychological- Personal 
benefits 
0.9 (-1.58; 3.34) -0.6 (-4.51; 3.25) 0.3 (-3.72; 4.33) 
Step 7 (R2 = 0.09;  
ΔR2=0.03) 
(R2=0.09; 
 ΔR2 = 0.00) 
(R2=0.18;  
ΔR2 = 0.02) 
Social- Family/friend support -0.0 (-1.07; 0.99) 0.9 (-2.37; 4.23) -1.4 (-3.72; 1.00) 
Psychological- Perceived 
barriers 
-2.9** (-3.95; -1.91) -2.0 (-6.82; 2.75) -0.5 (-3.11; 2.15) 
Social- Parental co-
participation/fear 
3.4 (-3.76; 10.50) 0.0 (-4.72; 4.74) 0.2 (-8.04; 8.50) 
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Social- Family education 
beliefs 
0.6 (-12.86; 14.04) 1.2 (-1.19; 3.45) 5.5 (-1.43; 12.48) 
Psychological-
Preference/attitude 
2.1 (-7.66; 11.92) 3.0 (-0.05; 6.12) 4.9 (-0.42; 10.18) 
Psychological- Personal 
benefits 
1.8 (-0.54; 4.11) -0.9 (-4.41; 2.58) 1.2 (-3.72; 7.13) 
Psychological- Positive 
outcome expectation 
-2.9 (-6.84; 0.98) 0.6 (-3.08; 4.29) -2.2 (-8.21; 3.90) 
Step 8 (R2 = 0.09;  
ΔR2=0.00) 
(R2=0.13; 
 ΔR2 = 0.04) 
(R2=0.20;  
ΔR2 = 0.02) 
Social- Family/friend support -0.1 (-0.95; 0.69) 1.4 (-1.60; 4.35) -1.0 (-3.60; 1.55) 
Psychological- Perceived 
barriers 
-2.9** (-3.48; -2.26) -1.6 (-6.19; 2.98) -0.5 (-3.03; 2.11) 
Social- Parental co-
participation/fear 
3.3 (-3.55; 10.21) 0.4 (-4.37; 5.09) 0.3 (-8.72; 9.40) 
Social- Family education 
beliefs 
0.7 (-12.77; 13.08) 1.0 (-1.14; 3.04) 6.1 (-2.24; 14.40) 
Psychological-
Preference/attitude 
1.9 (-9.78; 13.53) 3.7* (0.53; 6.91) 4.6 (-0.82; 10.06) 
Psychological- Personal 
benefits 
1.6 (-0.01; 3.33) 1.2 (-4.82; 2.49) 1.0 (-5.51; 7.52) 
Psychological- Positive 
outcome expectation 
-3.1 (-6.78; 0.60) 0.9 (-3.10; 4.82) -1.8 (-8.54; 5.05) 
Psychological- Negative 
outcome expectation 
1.1 (-5.01; 7.15) -3.9 (-8.39; 0.68) -3.0 (-8.87; 2.91) 
Step 9 (R2=0.11;  
ΔR2=0.02) 
(R2=0.17;  
ΔR2=0.04) 
(R2=0.28;  
ΔR2= 0.08) 
Social- Family/friend support -0.2 (-1.32; 0.95) 1.4 (-1.33; 4.10) -1.2 (-3.49; 1.18) 
Psychological- Perceived 
barriers 
-2.8**(-4.20; -1.40) -0.9 (-4.96; 3.25) 0.2 (-2.46; 2.90) 
Social- Parental co-
participation/fear 
3.2 (-4.85; 11.16) 0.5 (-4.16; 5.18) 0.4 (-9.10; 9.97) 
Social- Family education 
beliefs 
1.0 (-11.80; 13.73) 0.7 (-1.73; 3.09) 5.7 (-1.60; 11.98) 
Psychological-
Preference/attitude 
2.0 (-11.13; 15.10) 3.0 (-0.25; 6.33) 4.7 (-0.86; 10.17) 
Psychological- Personal 
benefits 
1.9* (0.55; 3.30) -0.7 (-3.82; 2.38) 1.0 (-4.76; 6.73) 
Psychological- Positive 
outcome expectation 
-3.1 (-6.28; 0.01) 0.9 (-3.69; 5.51) 1.5 (-7.68; 4.67) 
Psychological- Negative 
outcome expectation 
1.0 (-4.20; 6.28) -3.4 (-7.99; 1.18) -2.6 (-8.27; 3.13) 
Boys REF REF REF 
Girls -8.3 (-21.39; 4.71) -18.9 (-41.73; 3.92) 17.72(-6.44; 41.87) 
Age (years) -2.3 (-19.80; 15.29) -2.2 (-11.57; 7.20) -8.9* (-15.21; -2.66) 
Step 10 (R2 = 0.12; 
ΔR2=0.01) 
(R2=0.17; 
 ΔR2 = 0.00) 
(R2=0.29;  
ΔR2 = 0.01) 
Social- Family/friend support -0.2 (-1.36; 0.95) 2.4 (-2.38; 4.11) -1.2 (-3.64; 1.19) 
Psychological- Perceived 
barriers 
-2.7* (-4.28; -1.02) -0.9 (-5.08; 3.33) 0.1 (-2.48; 2.70) 
Social- Parental co-
participation/fear 
3.1 (-4.19; 10.37) 0.5 (-4.10; 5.08) 0.5 (-8.82; 9.75) 
Social- Family education 
beliefs 
0.7 (-11.38; 12.67) 0.6 (-1.63; 2.73) 5.1 (-1.59; 11.79) 
Psychological-
Preference/attitude 
2.0 (-11.15; 15.18) 3.1 (-0.30; 6.51) 4.6 (-1.11; 10.36) 
Psychological- Personal 
benefits 
1.8* (0.63; 3.12) -0.7 (-3.81; 2.38) 1.3 (-4.95; 7.64) 
Psychological- Positive 
outcome expectation 
-2.7 (-5.58; 0.12) 0.9 (-3.78; 5.49) -1.5 (-7.61; 4.55) 
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Psychological- Negative 
outcome expectation 
0.1 (-4.34; 6.25) -3.5(-7.95; 1.00) -2.3 (-8.03; 3.40) 
Boys REF REF REF 
Girls -8.9 (-18.33; 0.47) -18.9 (-41.52; 3.81) 17.9 (-5.16; 41.03) 
Age (years) -2.3 (-20.56; 15.88) -2.4 (-11.36; 6.66) -9.5*(-16.43; -2.60) 
High SES REF REF REF 
Low SES -10.2(-45.66; 25.35) -2.7 (-20.42; 15.13) -10.4 (-29.96; 9.26) 
# = Based on 3-days of monitoring (including 1 weekend day); * = significance p <0.05; Low SES = 
IRSD ≤999; High SES = IRSD ≥ 1000; β = beta coefficient and CI = 95% confidence interval. 
 
Table 8.6 presents the relationships between the potential psychological and social 
correlates and daily MVPA participation among Chinese-Australian, South-East 
Asian and Anglo-Australian adolescents.  Consistent with the analyses for sedentary 
time and light-intensity physical activity, the amount of variance in MVPA explained 
by the eight factor structure varied considerably between ethnic groups (38% Anglo-
Australian,22% Chinese-Australian and 43% South-East Asian) after adjustment for 
covariates.  Distinct ethnic differences were observed in the final model with the 
‘parental co-participation/fear’ factor being negatively associated with MVPA 
among Anglo-Australian adolescents (E= -1.2, 95% CI:- 1.63; -0.78 mins.d-1) but 
positively associated among Chinese-Australian adolescents  (E= 0.6, 95% CI: 0.19; 
1.04 mins.d-1). Additionally, the ‘positive outcome expectation’ factor was positively 
associated with daily MVPA among Anglo-Australian adolescents (E= 0.5, 95% CI: 
0.12; 0.85 mins.d-1).  Ethnic-specific associations with demographic variables were 
also evident with increasing age negatively associated with MVPA among Anglo-
Australian adolescents and gender (being female) negatively associated with MVPA 
among Chinese-Australian and South-East Asian adolescents. 
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Table 8.6 Ethnic differences in the relationship between potential correlates and 
daily# MVPA (mins.d-1) (β + 95% CI) 
 Anglo- 
Australian 
MVPA mins.d1 
Chinese-
Australian 
MVPA mins.d1 
South-East Asian
 MVPA mins.d1 
Step 1  (R2=0.01) (R2=0.00) (R2=0.02) 
Social- Family/friend support 0.3* (0.27; 0.51) -0.1 (-0.79; 0.56) 0.4 (-0.33; 1.09) 
Step 2 (R2=0.01;  
ΔR2=0.00) 
(R2=0.02;  
ΔR2=0.02) 
(R2=0.04; 
ΔR2= 0.02) 
Social- Family/friend support 0.2 (-0.13; 0.58) -0.2 (-0.91; 0.52) 0.3 (-0.52; 1.11) 
Psychological- Perceived 
barriers 
0.1 (-0.20; 0.43) 0.5 (-0.18; 1.15) 0.4 (-0.23; 1.01) 
Step 3 (R2 = 0.02;  
ΔR2=0.01) 
(R2=0.04; 
 ΔR2 = 0.02) 
(R2=0.06; 
ΔR2 = 0.02) 
Social- Family/friend support 0.4*  (0.05; 0.67) -0.3 (-1.10; 0.50) 0.2 (-0.66; 1.08) 
Psychological- Perceived 
barriers 
0.2 (-0.30; 0.72) 0.5 (-0.28; 1.18) 0.4 (-0.34; 1.12) 
Social- Parental co-
participation/fear 
-0.7 (-1.77; 0.45) 0.5 (-0.08; 1.10) 0.8* (0.06; 1.62) 
Step 4 (R2 = 0.02; 
ΔR2=0.00) 
(R2=0.04;  
ΔR2 = 0.00) 
(R2=0.06; 
ΔR2 = 0.00) 
Social- Family/friend support 0.3 (-0.78 1.34) -0.3 (-1.14; 0.50) 0.2 (-0.64; 1.03) 
Psychological- Perceived 
barriers 
0.3 (-0.66; 1.17) 0.4 (-0.34; 1.22) 0.4 (0.26; 1.07) 
Social- Parental co-
participation/fear 
-0.7 (-2.32; 0.86) 0.5 (-0.08; 1.08) 0.8* (0.05; 1.55) 
Social- Family education 
beliefs 
0.5 (-4.19; 5.27) 0.2 (-1.06; 1.37) 0.2 (-2.23; 2.60) 
Step 5 (R2 = 0.02; 
ΔR2=0.00) 
(R2=0.07; 
 ΔR2 = 0.03) 
(R2=0.13; 
ΔR2 = 0.07) 
Social- Family/friend support 0.4 (-0.69; 1.38) -0.4 (-1.23; 0.35) 0.0 (-0.67; 0.68) 
Psychological- Perceived 
barriers 
0.3 (-0.63; 1.29) 0.3 (-0.67; 1.18) 0.2 (-0.50; 0.86) 
Social- Parental co-
participation/fear 
-0.8 (-2.30; 0.69) 0.5 (-0.04; 0.94) 0.1 (-1.02; 1.18) 
Social- Family education 
beliefs 
0.5 (-4.31; 5.31) 0.1 (-0.95; 1.16) 0.2 (-2.56; 2.86) 
Psychological-
Preference/attitude 
-0.3 (-1.08; 0.49) 1.0* (0.06; 1.73) 1.6 (-0.05; 3.28) 
Step 6 (R2 = 0.03;  
ΔR2=0.01) 
(R2=0.08;  
ΔR2 = 0.01) 
(R2=0.13; 
ΔR2 = 0.00) 
Social- Family/friend support 0.3 (-0.88; 1.51) -0.4 (-1.11; 0.35) -0.0 (-0.7;4 0.77) 
Psychological- Perceived 
barriers 
0.4 (-0.83; 1.70) 0.3 (-0.66; 1.16) 0.2 (-0.52; 0.88) 
Social- Parental co-
participation/fear 
-0.8 (-2.02; 0.51) 0.6* (0.02; 1.17) 0.1 (-1.20; 1.34) 
Social- Family education 
beliefs 
0.6 (-4.42; 5.52) 0.1 (-0.86; 1.14) 0.1 (-2.30; 2.55) 
Psychological-
Preference/attitude 
-0.5 (-1.28; 0.38) 0.8 (-0.04; 1.58) 1.6 (-0.12; 3.36) 
Psychological- Personal 
benefits 
-0.4 (-1.35; 0.59) -0.4 (-1.20; 0.36) 0.4 (-1.72; 1.80) 
Step 7 (R2 = 0.03; 
 ΔR2=0.00) 
(R2=0.08;  
ΔR2 = 0.00) 
(R2=0.14; 
ΔR2 = 0.01) 
Social- Family/friend support 0.3 (-1.18; 1.80) -0.4 (-1.10; 0.34) 0.1 (-0.56; 0.76) 
Psychological- Perceived 
barriers 
0.4 (-0.94; 1.83) 0.3 (-0.65; 1.14) 0.1 (-0.58; 0.73) 
Social- Parental co-
participation/fear 
-0.7 (-1.70; 0.23) 0.6* (0.10; 1.07) -0.2 (-1.21; 1.69) 
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Social- Family education 
beliefs 
0.6 (-4.94; 6.07) 0.1 (-0.87; 1.15) 0.2 (-2.89; 2.55) 
Psychological-
Preference/attitude 
-0.5 (-1.27; 0.37) 0.8 (-0.05; 1.59) 1.5 (-0.27; 3.22) 
Psychological- Personal 
benefits 
-0.4 (-0.79; 0.07) -0.4 (-0.97; 0.13) -0.3 (-2.41; 1.94) 
Psychological- Positive 
outcome expectation 
-0.1 (-2.28; 2.14) 0.0  (-1.41; 1.42) 0.7 (-0.77; 2.12) 
Step 8 (R2 = 0.05;  
ΔR2=0.02) 
(R2=0.08;  
ΔR2 = 0.00) 
(R2=0.15;  
ΔR2 =0.01) 
Social- Family/friend support 0.4  (-0.32; 1.18) -0.4 (-1.12; 0.35) 0.2 (-0.50; 0.87) 
Psychological- Perceived 
barriers 
0.4 (-1.07; 1.77) 0.3 (-0.64; 1.14) 0.1 (-0.58; 0.74) 
Social- Parental co-
participation/fear 
-0.7 (-1.72; 0.36) 0.6 (0.10; 1.07) 0.3 (-1.05; 1.58) 
Social- Family education 
beliefs 
0.5 (-4.58; 5.54) 0.1 (-0.87; 1.15) -0.0 (-2.79; 2.71) 
Psychological-
Preference/attitude 
-0.1 (-1.27 1.04) 0.8 (-0.03; 1.57) 1.4 (-0.25; 3.08) 
Psychological- Personal 
benefits 
-0.2 (-0.68; 0.36) -0.4 (-0.94; 0.10) 0.3 (-2.53; 1.96) 
Psychological- Positive 
outcome expectation 
0.2 (-1.66; 1.96) 0.0  (-1.44; 1.45) 0.8 (-0.67; 2.21) 
Psychological- Negative 
outcome expectation 
-1.4 (-4.60; 1.73) 0.0 (-0.84; 0.86) -0.7 (-2.74; 1.34) 
Step 9 (R2=0.37;  
ΔR2=0.32) 
(R2=0.22;  
ΔR2=0.14) 
(R2=0.41;  
ΔR2= 0.26) 
Social- Family/friend support 0.2 (-0.29; 0.77) -0.4 (-0.97; 0.23) -0.1 (-0.86; 0.61) 
Psychological- Perceived 
barriers 
0.6 (-0.27; 1.45) 0.6 (-0.08; 1.31) -0.0 (-0.43; 0.42) 
Social- Parental co-
participation/fear 
-1.2*** (-1.48; -0.85) 0.6* (0.14; 1.12) -0.6 (-1.88; 0.71) 
Social- Family education 
beliefs 
1.1 (-1.75; 3.79) -0.0 (-1.07; 0.99) 0.5 (-2.09; 3.01) 
Psychological-
Preference/attitude 
0.2 (-2.07; 2.44) 0.5 (-0.34 1.20) 1.3 (-0.19; 2.68) 
Psychological- Personal 
benefits 
0.4 (-0.99; 1.84) -0.2 (-0.82; 0.34) 0.2 (-1.60; 1.99) 
Psychological- Positive 
outcome expectation 
0.3 (-0.24; 0.81) -0.0  (-1.92; 1.87) 0.3 (-0.70; 1.35) 
Psychological- Negative 
outcome expectation 
1.3 (-4.19; 1.58) 0.3 (-0.41; 0.95) -0.4 (-3.30; 2.45) 
Boys REF REF REF 
Girls -10.8 (-25.76; 4.14) -9.1 **(-14.95; -3.22) -12.9** (-20.29; -5.51
Age (years) -6.6*** (-7.90; -5.36) -1.8 (-4.12; 0.60) -3.9 (-8.82; 0.97) 
Step 10 (R2 = 0.38;  
ΔR2=0.01) 
(R2=0.22  
ΔR2 = 0.00) 
(R2=0.43;   
ΔR2 = 0.02) 
Social- Family/friend support 0.2 (-0.31; 0.77) -0.4 (-0.99; 0.23) -0.1 (-0.86; 0.67) 
Psychological- Perceived 
barriers 
0.7 (-0.15; 1.49) 0.6 (-0.15; 1.35) 0.1 (-0.43; 0.52) 
Social- Parental co-
participation/fear 
-1.2** (-1.63; -0.78) 0.6** (0.19; 1.04) -0.6 (-2.01; 0.87) 
Social- Family education 
beliefs 
0.9 (-1.88; 3.58) -0.1 (-1.07; 0.79) 0.8 (-2.13; 3.63) 
Psychological-
Preference/attitude 
0.2 (-2.03; 2.43) 0.5 (-0.22; 1.18) 1.3 (-0.16; 2.69) 
Psychological- Personal 
benefits 
0.4 (-0.95; 1.75) -0.2 (-0.86; 0.38) 0.1 (-1.78; 1.88) 
Psychological- Positive 
outcome expectation 
0.5* (0.12; 0.85) -0.1 (-2.07; 1.94) 0.3 (-0.72; 1.39) 
 - 252 - 
Psychological- Negative 
outcome expectation 
-1.4 (-4.22; 1.52) 0.2 (-0.60; 1.04) -0.5 (-3.16; 2.10) 
Boys REF REF REF 
Girls  -11.2 (-27.88; 5.64) -9.1** (-14.75; -3.34) -13.0** (-19.78; -6.21) 
Age (years) -6.7 ** (-8.12; -5.23) -1.9 (-4.54; 0.77) -3.7 (-8.49; 1.10) 
High SES REF REF REF 
Low SES -5.4 (-12.15; 1.44) -2.0 (-8.79; 4.82) 4.2 (-2.01; 10.40) 
# = Based on 3-days of monitoring (including 1 weekend day); * = significance p <0.05; ** = 
significant p<0.01; Low SES = IRSD ≤999; High SES = IRSD ≥ 1000;  β = beta coefficient and CI = 
95% confidence interval. 
  
8.4 Discussion  
Various demographic, psychological and social influences have previously been 
correlated with adolescent engagement in physical activity (193-195) and sedentary 
behaviour.(28, 193)  However, investigations among Chinese or Asian adolescents are 
sparse, especially those that have used objective measures of physical activity and 
sedentary time.  This chapter revealed significant ethnic differences in median 
responses to a range of potential correlates, especially lower levels of maternal 
support and greater perceived educational preference among Chinese-Australian and 
South-East Asian adolescents compared to Anglo-Australian adolescents.  Several 
psychological factors significantly associated with participation among Anglo-
Australian and Chinese-Australian adolescents.  However, gender and age explained 
the predominant proportion of the observed variance, which is a substantial for 
behavioural research.(307, 327) The findings from this chapter highlight the potential to 
target a range of psychological and social influences, including a select few, to 
promote behaviour change. 
8.4.1 Ethnic differences in potential psychological correlates of 
physical activity and sedentary time 
Significant ethnic differences in physical activity perceptions were observed for five 
out of the 25 psychological statements.  The median values in these instances did not 
typically vary, but the measure of dispersion (IQR) indicated significant differences 
were evident.  In this instance, the mean was examined (Appendix 16) to confirm the 
direction of difference.  The use of the mean vs. median highlights possible 
contention when using the median value for interval scale data (ranging from 1 to 5), 
since the median value has a fixed spread and is not prone to outliers.  Regardless, 
both the median and mean analyses revealed significant differences on the same 
items. 
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In particular, more Chinese-Australian adolescents felt they did not have enough 
time for physical activity compared to Anglo-Australian adolescents, however, they 
did perceive less peer  ridicule and personal embarrassment when being physically 
active compared to Anglo-Australian adolescents (P<0.01).  However, given the 
lower participation in MVPA and light-intensity physical activity by Chinese-
Australian adolescents, Chinese-Australian adolescents might not be exposed to the 
opportunity for peer ridicule/personal embarrassment compared to their more active 
Anglo-Australian counterparts. In contrast, more South-East Asian adolescents 
reported that being physically active would help them spend time with their friends, 
which was higher than Anglo-Australian adolescents (P<0.01). The only significant 
difference between South-East Asian and Chinese-Australian adolescents related to 
perception of a health problem that prevented physical activity participation; with 
South-East Asian adolescents reporting greater health limitations (P<0.01).   Since 
significantly more South-East Asian adolescents were from a low SES background 
compared to Chinese-Australian and Anglo-Australian adolescents (P<0.001) (see 
Chapter 6.4.1), this finding is unsurprising.  When these individual statements were 
grouped into their respective psychological factors, the positive ‘preference/attitude 
factor’ was significantly lower among South-East Australian adolescents compared 
to Anglo-Australian adolescents.  Despite this finding, the comparisons of the factors 
are encouraging in that few significant differences between ethnic groups were 
detected. 
 
Investigations among Chinese/Asian populations and psychological correlates are 
sparse, however, Sallis, Zakarian, Hovell & Hofstetter (1996), examined ethnic 
differences in potential correlates of physical activity among a multiethnic sample of 
1871 adolescents (Grades 7-12) in San Diego, California.(199)  Whilst this study was 
published over 16 years ago, it does provide important insights into mean differences 
in perceived psychological influences between Asian/Pacific Island adolescents and 
non-CALD adolescents in the same location.  In the San Diego study, no discernible 
differences were observed between Asian/Pacific Islander and high SES Anglo-
American adolescents for perceived barriers and benefits of physical activity 
item.(199)  This finding was similar to the CAAHS where no ethnic differences were 
observed for the cumulative ‘perceived barriers’ or ‘personal benefits’ factors.   
 
 - 254 - 
A more recent study compared differences in perceived psychological influences 
among 1538 Hong Kong and Australian youths aged 11-16 years.(328)  Notably,  the 
self-reported barrier statements were almost identical to the statements used in the 
CAAHS as they were derivatives of the  NSW SPANS questionnaire.(229) In this 
cross-country study, Ha and colleagues (2009) found Australian youth typically had 
a more positive preference/attitude towards physical activity in addition to perceiving 
fewer barriers to activity than their Hong Kong counterparts. In particular, more 
Hong Kong youth perceived they had a health problem that impeded physical 
activity participation compared to Australian youth, which was similar to South-East 
Asian youths in the CAAHS.(229)  Additionally, a higher proportion of youth in Hong 
Kong perceived they did not have enough time for physical activity compared to 
Australian youth, which was the same as Chinese-Australian adolescents in this 
study.  However, caution should be applied when interpreting these comparisons as 
Ha and colleagues did not report the CALD composition of their Australian 
comparison group, which may have been predominantly Anglo-Australian. 
Nevertheless, it would appear that youth in Hong Kong perceived more barriers than 
youth in Australia with the majority of the 13 psychological statements (7 for males; 
9 for females) being significantly worse.  This difference is likely to be indicative of 
cultural and environmental differences between Australia and Hong Kong.  
8.4.2 Ethnic differences in potential social correlates of physical activity 
and sedentary time 
Significant ethnic differences in median responses for six of the 12 potential social 
correlates of physical activity were observed (P<0.01).  Perceptions of support and 
parental education beliefs were significantly lower among Chinese-Australian and 
South-East Asian adolescents compared to Anglo-Australian adolescents. Which is 
likely to be explained by cultural differences in education and occupational 
expectations of parents of Asian children,(50, 51) which is discussed in more detail 
below. 
 
It has previously been identified that Asian-Australian (Chinese and Vietnamese) 
families tend to place greater value on education, and have higher occupational 
aspirations for their children than Anglo-Australian families.(50, 51)  This has also 
been observed in mainland China where parents have high academic expectations of 
their children which in-part is fuelled by the intense competition for academic 
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excellence.(311)  In light of this evidence, it was expected that Chinese-Australian and 
South-East Asian adolescents would perceive that their parents viewed education as 
more important than physical activity.  It is theorized that this stems from a fear by 
parents that physical activity could displace valuable study and homework time. 
However, further research involving Chinese-Australian parents would be needed to 
examine the veracity of this theory. 
 
In the CAAHS, perceived maternal encouragement or support for physical activity 
was significantly lower among Chinese-Australian and South-East Asian adolescents 
compared to Anglo-Australian adolescents (P<0.01).  Since family and friend 
support has been found to be positively associated with adolescent physical activity, 
(193, 329) the perceived amount of maternal support in this population is of concern. It 
is also of note that father support for physical activity was not different among ethnic 
groups.  The social support findings in the CAAHS, was inconsistent with those 
observed by Wilson & Dollman (2007 & 2009) among Vietnamese- Australian 
adolescents.(191, 192)  In these studies, Vietnamese-Australian adolescents had lower 
mean scores across all measures of social support for physical activity (maternal and 
paternal support, encouragement and parental co-participation) compared to Anglo-
Australian adolescents.(191, 192)  Given the observed greater emphasis on education by 
parents in preference to physical activity (discussed above), this may explain the low 
perceived levels of support, however, it is unclear why maternal support in particular 
was lower in the present study.  This may relate to specific differences among Asian-
sub populations or the large sampling bias in the studies among Vietnamese-
Australians as only two schools in total were recruited in each of these studies.(191, 
192)   
 
8.4.3 Associations between potential correlates and objectively 
measured physical activity and sedentary time 
In the final models across all the participation intensities, five psychological and one 
social factor were associated with participation among Anglo-Australian and 
Chinese-Australian adolescents. As logically expected, the ‘perceived barriers’ and 
‘negative outcome expectation’ factors were positively associated with daily 
sedentary time among Anglo-Australian adolescents. However, a positive association 
with the ‘preference/attitude’ factor among Chinese-Australian adolescents was not 
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expected since the results indicate a one unit increase in the ‘preference/attitude’ 
factor (towards physical activity) was associated with nine minutes additional 
sedentary time per day.  While this association is inconsistent with the common 
finding of a positive association between enjoyment of physical activity and  
physical activity participation.(193)  Sedentary behaviour is considered to be 
independent from physical activity,(26, 330, 331) and it has also been suggested that the 
correlates of sedentary time are likely to differ from those of PA.(306, 332)  The above 
finding may also reflect a desire among Chinese-Australian adolescents to engage in 
physical activity which is off-set by hours spent being sedentary in education-related 
activities, which they perceived to be important to their parents.  This assertion is 
supported by the fact that no significant difference in the ‘preference/attitude’ factor 
was observed between Chinese-Australian and Anglo-Australian adolescents and 
significantly lower median values were observed for the lack of time for physical 
activity item among Chinese-Australians (P<0.001).  This finding warrants further 
qualitative and quantitative investigations among Chinese-Australian adolescents and 
their parents to better understand the underlying influences on physical activity and 
sedentary behaviour engagement, particularly the role of parental education 
preference and participation. 
 
In the CAAHS, light-intensity physical activity was negatively associated with the 
‘perceived barriers’ factor and positively associated with ‘personal benefits’ factor 
among Anglo-Australian adolescents.  These findings are inconsistent with those 
observed by Van Der Horst and colleagues (2007) and Sallis and colleagues (2000), 
whereby there was inconclusive evidence for an association or no association 
observed between these variable and physical activity participation (Table 2.9).(193, 
195)  These finding may relate to differences in inclusion criteria across each of the 
reviews, particularly year of publication, and the unique contribution of light-
intensity physical activity. Light-intensity physical activity was the dominant 
intensity of physical activity engaged in by participants and in recent years has been 
measured in isolation to MVPA among children and adolescents using objective 
measures.  It may be likely that the less arduous light-intensity activities (e.g. 
walking) have their own correlates compared to the more arduous MVPA.  Future 
research may highlight distinct correlates of light-intensity physical activity among 
children and adolescents.  
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Associations with MVPA highlighted a clear ethnic difference with the social factor 
‘parental co-participation/fear’ being positively correlated among Chinese-
Australians and negatively associated among Anglo-Australian adolescents.  The 
expected direction is positive, although a recent review found inconclusive evidence 
exists for an association among adolescents.(194)  This finding may highlight a  
culturally-specific association and is partially supported by the findings of Wilson 
and Dollman (2009).(192)  In this study, mothers’ playing with their daughter was 
positively associated with the number of 30 min.d-1 blocks of MVPA among 
Vietnamese-Australian girls but not among Anglo-Australian girls.(192)  Whilst it is 
acknowledged that a similar observation was not observed among Vietnamese-
Australian boys, with no significant association observed with father/mother co-
participation and MVPA among Anglo-Australian or Vietnamese-Australian 
boys.(191) The findings among Vietnamese-Australian girls partially support those 
observed in the CAAHS which had slightly more girls (56%) recruited than boys.  
 
In general, the results of the hierarchical regression analyses highlighted the 
multitude of influences that go towards explaining variations in adolescents’ physical 
activity and sedentary behaviour.  For example, 9%, 13% and 20% of the variance in 
daily light-intensity physical activity was explained by the culmination of all eight 
factors among Anglo-Australian, Chinese-Australian and South-East Asian 
adolescents, respectively.  Likewise, 5%, 8% and 15% of the variance in MVPA was 
explained by the eight factors among the three respective ethnic groups.  Despite a 
small number of significant associations with specified factors being revealed, the 
results suggest the need to target a range of psychological and social factors, rather 
than a select few, during a behaviour change intervention.  This was particularly 
evident among South-East Asian adolescents where no individual psychological or 
social factor was associated with participation, despite considerable variances 
explained. 
 
In this chapter, the first ethnic-specific demographic and socioeconomic associations 
with objectively measured participation were presented.  While some caution should 
be applied in the interpretation of these results; as they were not powered for gender, 
age or SES sub-analyses.  The results the differing importance of age and gender 
particularly between the three ethnic groups. For example, being female was 
negatively related to MVPA participation among Chinese-Australian and South-East 
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Asian adolescent, which was expected,(193, 194) but increasing age was only negatively 
correlated among Anglo-Australian adolescents for MVPA.  This finding may relate 
to the fact that participation in MVPA was significantly lower among Chinese-
Australian and South-East Asian adolescents, and thus age differentials were not 
detected.  Another example pertains to sedentary time, which was shown to be 
positively associated with gender (being female) among Chinese-Australian and 
South-East Asian adolescents which is supported by a previous review.(193)  
However, as stated throughout this thesis, research into the determinants of sedentary 
behaviour is still in its’ infancy among children and adolescents and the current 
findings can help expand this emerging evidence base. 
 
8.4.2 Limitations and strengths 
Please see chapter 6.5.6 for a discussion on the limitations and strengths of the 
CAAHS study, as these concepts transcend all the results (Chapters 6-8).  A 
particular limitation of the analyses presented in this chapter relates to the cross-
sectional study design and use of the CAPANS-BA questionnaire.  The cross-
sectional design of the CAAHS means that only associations between physical 
activity, sedentary behaviour and correlates can be identified; these associations do 
not indicate causation.  Future longitudinal studies may observe differing results to 
those presented in this thesis.  In addition, the use of the CAPANS-BA questionnaire 
may not have been appropriate for examining perceived psychological and social 
influences on physical activity among all adolescents. In Chapter 4, the CAPANS-
BA questionnaire was shown to demonstrate evidence of reliability and predictive 
validity for several factors among Chinese-Australian youth (11-14y), however, it is 
acknowledged that further testing and/or refinement of the instrument is needed.  The 
factor structure of the CAPANS-BA questionnaire may not have been appropriate for 
Anglo-Australian adolescents, in particular, as the factor structure of the individual 
37-statement items has not previously been examined in this population.  Whilst it is 
believed that the individual statement items would load across factors in a similar 
pattern, this variation in loading and overall factor structure may have influenced the 
absence of association with objectively measured participation and perceived 
psychological and social influences among Anglo-Australian and South-East Asian 
adolescents.  It is recommended that the CAPANS-BA questionnaire be subject to 
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future psychometric testing among Anglo-Australian and South-East Asian 
adolescents.  
 
In addition, compared to the bivariate analyses, the absence of multiple significant 
associations with sedentary time or physical activity duration in the CAAHS is 
common when using multivariate analyses.(193, 195)  This in conjunction with the use 
of an objective measure of physical activity and sedentary time may help explain the 
small number of significant associations and strength of associations, and is 
consistent with the wider literature.(299, 333, 334)  The rationale behind the small number 
of associations with accelerometry-derived participation relates to the fact that 
influences on physical activity participation can be context specific (e.g. ‘I prefer to 
watch TV or play electronic games), while accelerometers capture all movements 
across all situations, and thus fewer correlations are expected.  However, a great 
strength of this study was the multivariate analysis accounting for the contribution of 
each additional factor and socioeconomic, demographic influences and clustering. 
 
8.5 Conclusion 
This chapter highlights several ethnic differences in perceived psychological and 
social influences on physical activity participation.  In particular, Chinese-Australian 
and South-East Asian adolescents perceived lower amounts of maternal support or 
encouragement and greater educational preference by their parents compared to 
Anglo-Australian adolescents.  A small number of significant correlations were 
observed with objectively measured physical activity and sedentary time, which may 
reflect the choice of instrument and multivariate analyses.  The positive association 
with sedentary duration and a higher ‘preference/attitude’ towards physical activity 
among Chinese-Australian adolescents is somewhat of a paradox, but may indicate a 
desire to be physically active which is shrouded in academic and maternal support 
issues.  In addition, the polar association with MVPA duration and ‘parental co-
participation/fear’ highlight ethnic-specific associations which could be relevant for 
future behavioural interventions.  The findings from this chapter have highlighted the 
interrelationship of multiple influences on physical activity and sedentary behaviour 
and indicate that whilst a select few factors could be targeted in a behavioural 
intervention, concentrating on a range of psychological and social influences may see 
greater changes in participation.  
 - 260 - 
Chapter 9. Synthesis and Conclusions 
9.1 Introduction 
This thesis contained several methodological studies in addition to examining the 
prevalence and correlates of physical activity, sedentary time and obesity among a 
sample of Chinese-Australian adolescents (12-16 years). Four separate studies were 
conducted, with the first three examining the psychometric properties of a self-
reported physical activity and sedentary behaviour questionnaire and a questionnaire 
exploring the psychological and social correlates of physical activity and sedentary 
behaviour among Chinese-Australian youth.  The final study presented levels of 
physical activity, sedentary time and overweight/obesity among Anglo-Australian, 
Chinese-Australian and South-East Asian adolescents, and then examined the 
correlates of physical activity and sedentary behaviour among these three groups.  
 
The contribution of this thesis to the understanding of Chinese-Australian 
adolescents in relation to physical activity, sedentary behaviour and obesity is 
particularly valuable as it is believed to be the first study to provide physical activity 
and sedentary behaviour information among this important and growing Australian 
community.(335)  There is also a lack of specific self-reported measures which 
examine participation and correlates of these behaviours among Asian-Australian 
youth, which makes it difficult to develop and evaluate interventions targeting this 
population sub-group. Therefore, these findings have important applications for both 
advancing our understanding and informing future intervention design. 
 
9.2 Aims and hypotheses reiterated 
This thesis aimed to: examine the reliability and validity properties of a self-reported 
physical activity and sedentary behaviour as well as self-reported correlates of 
physical activity questionnaire among Chinese-Australian adolescents; describe the 
prevalence of and associations between physical activity, sedentary time and 
overweight/obesity among Chinese-Australian youth and examine whether these 
differed from Anglo-Australian adolescents; and examine whether associations 
between correlates of physical activity and sedentary behaviour differed by ethnicity.  
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It was hypothesised that:  
1) A higher proportion of Chinese-Australian adolescents would be 
classified as overweight or obese using the Chinese BMI growth 
reference compared to current international growth references; 
2) A higher proportion of Chinese-Australian adolescents would be 
classified as abdominally obese compared to Anglo-Australian 
adolescents;  
3) A higher proportion of Chinese-Australian adolescents would not meet 
the national physical activity guidelines compared to Anglo-Australian 
adolescents; 
4) Daily MVPA participation among Chinese-Australian adolescents would 
be lower than Anglo-Australian adolescents; 
5) Daily sedentary behaviour participation among Chinese-Australian 
adolescents would be higher than Anglo-Australian adolescents;  
6) There would be inverse associations between physical activity and 
weight status and positive associations between sedentary time and 
weight status among all ethnic groups; and 
7) Perceived psychological and social influences on physical activity and 
sedentary behaviour would be different among Chinese-Australian 
adolescents compared to Anglo-Australian adolescents. 
 
9.3. Synthesis of major findings  
This thesis successfully examined the reliability and validity of a self-report physical 
activity and sedentary behaviour questionnaire and a correlates questionnaire of these 
behaviours among Chinese-Australian youth.  The results demonstrated that the 
CAPANS-PA questionnaire had acceptable (ICC ≥ 0.70)(211) test-retest reliability for 
type, frequency and duration of weekly (Mon-Sun) MVPA for all participants, with 
weekly sedentary behaviour reliably reported among females only and for specific 
sedentary behaviours.  Validity correlations between self-reported MVPA and 
sedentary behaviour duration and accelerometry were moderate for weekly sedentary 
behaviour and weak for MVPA duration in the recruited sample.  The test-retest 
reliability of the CAPANS-BA questionnaire revealed the majority of the identified 
eight factors had acceptable test re-test reliability when the lower criteria (ICC ≥ 
0.60)(257) was applied, in addition to weak to moderate correlations with self-reported 
MVPA participation among Chinese-Australian youth.  Through the final study it 
was revealed that rates of overweight, obesity and abdominal obesity did not 
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significantly differ between ethnic groups.  However, ethnic-specific relationships 
between objectively measured physical activity and BMI and waist circumference 
were observed, which was previously unknown among Chinese-Australian 
adolescents. Objectively measured physical activity participation revealed low 
adherence with the national physical activity recommendations overall (7%), 
however, this was too low to examine for ethnic differences.  In contrast, Chinese-
Australian and South-East Asian adolescents were shown to engage in significantly 
less MVPA and more sedentary time than Anglo-Australian adolescents, after 
adjustment for a range of covariates.   The following section summarises the major 
findings in relation to each hypothesis and contribution of this thesis to provide a 
comprehensive overview of the major findings. 
 
This thesis found that the prevalence of overweight and obesity and abdominal 
obesity did not significantly differ between ethnic groups (see Chapter 6) using the 
WHO(78) or IOTF(77) BMI growth reference and the USA(86) or UK(87) waist 
circumference growth reference.  The hypothesis that rates of overweight and obesity 
(Hypothesis 1) and abdominal obesity (Hypothesis 2) would be higher among Asian-
Australian compared to Anglo-Australian youth was not supported in the recruited 
sample, with no significant differences identified.  The prevalence of overweight and 
obesity among Asian-Australian youth in the present sample (16%) was similar to 
those identified in a representative sample of Chinese/South East Asian adolescents 
(12-18y) in the National Youth Cultures of Eating Study among Australian 
schoolchildren(13) (IOTF growth reference).  A higher (but non-significant) 
proportion of Anglo-Australian adolescents (32.7%) had abdominal obesity 
compared to Chinese-Australian adolescents (20.2%) using the UK waist 
circumference growth reference.  However, no estimates of abdominal obesity 
among Asian-Australian adolescents could be sourced for comparison with the 
current study.   
 
The hypothesis that fewer Chinese-Australian adolescents would meet the national 
physical activity recommendations compared with Anglo-Australian adolescents 
(Hypothesis 3) was not supported by the results presented in Chapter 6.  Objectively 
measured adherence was found to be very poor, with 7% of the overall sample 
meeting the recommendation using the ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method.(295)  This figure 
was unable to be further examined for ethnic differences due to the low adherence.  
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In contrast, 60-68% of the overall sample met the recommendation using self-
reported MVPA data, with no differences in proportion observed between ethnic 
groups.  This large discrepancy between instruments raises concern as to the validity 
of the CAPANS-PA instrument and influence of social desirability bias of the self-
report measure.(299)  In Chapter 3, the CAPANS-PA questionnaire was shown to have 
weak validity correlations with objectively measured weekly MVPA, despite having 
acceptable test-retest reliability.   The low validity correlations between the 
CAPANS-PA questionnaire and objectively measured  MVPA participation were 
within range of existing self-report instruments MVPA,(159, 178) however, highlights 
the poor agreement with participation in this population.  To this end, it has been 
suggested that self-report measures provide useful information on the content of 
physical activity but objective measures should be incorporated to quantify intensity 
and duration of physical activity,(162) as was done in this thesis. When examining the 
accelerometry derived adherence, it has previously been demonstrated that the 
selection criteria influences the proportion of youth defined as meeting the 
guideline.(4)  In justification for the use of the ܽݒ݁ݎܽ݃݁ ൈ ݀ܽݕݏ method compared to 
the stricter ݈݈ܽ ൈ ݀ܽݕݏ method (where participants need to accumulate ≥ 60 mins.d-1 
on every day sampled),(295) the  ݈݈ܽ ൈ ݀ܽݕݏ  method was not used to allow for the 
day-to-day variability in adolescents’ MVPA.(157)  It is acknowledged that different 
adherence criteria would alter the proportion of adolescents meeting the 
recommendation; however, it would have been likely that no adolescent have met the 
guideline if the stricter ݈݈ܽ ൈ ݀ܽݕݏ method were employed.  
 
In this thesis no significant ethnic difference in the proportion of adolescents meeting 
the physical activity recommendations (by self-report or by accelerometry) was 
observed.  Although, a key finding (Chapter 6) was that objectively measured MVPA 
differed in the multivariate analyses (Hypothesis 4).  The initial bivariate 
examinations of daily MVPA duration did not reveal any significant ethnic 
differences; however, after controlling for a range of covariates (age, gender and SES 
category) and school-level clustering, both Chinese-Australian and South-East Asian 
adolescents engaged in 5-8 mins.d-1 less daily MVPA than Anglo-Australian 
adolescents.  While this difference may not seem overly large, when compared to the 
national physical activity guidelines (≥ 60 mins.d-1 of daily MVPA)(142) this 
represents approximately 9-13% of the recommendation and at a population level is 
of public health importance. In the wider literature, lower engagement in physical 
 - 264 - 
activity by Asian youth has consistently been observed in Australia and 
internationally.(30, 32-34, 36-39)  However, the strengths of the CAAHS study were that 
MVPA was examined objectively, and included the rarely-examined lower intensity 
activities including light-intensity physical activity and sedentary time.  
 
An interesting finding of the CAAHS was the high engagement in light-intensity 
physical activity among all ethnicity groups, which ranged from 2¾ – 3¾ hrs.d-1. 
Chapter 6 also reported that Chinese-Australian and South-East Asian adolescents 
spent significantly less time in light-intensity physical activity compared with Anglo-
Australian adolescents, which supports Hypothesis 3.  In addition, there were also 
ethnic differences in self-reported and objectively measured participation in 
sedentary behaviour (Hypothesis 5). Chinese-Australian and South-East Asian 
adolescents spent more time in objectively measured sedentary behaviour, 
approximately 40mins.d-1, compared to their non-CALD Anglo-Australian 
adolescents (Chapter 6).  Self-reported sedentary behaviour was also significantly 
higher among Chinese-Australian adolescents (approximately 92 mins.d-1), compared 
to Anglo-Australian adolescents, but was non-significant for South-East Asian 
adolescents (Chapter 6).   These differences in sedentary behaviour are likely to 
relate to greater self-reported participation in education-related sedentary behaviours 
among both Chinese-Australian (58 mins.d-1) and South-East Asian adolescents (35 
mins.d-1).  This finding was expected given that Asian youth typically engage in 
more sedentary behaviour compared to their non-CALD peers(30, 33, 36, 38)  and Asian-
Australian (Chinese and Vietnamese) families typically place greater value on 
education, and have higher occupational aspirations for their children than Anglo-
Australian families.(50, 51)   
 
The hypothesis (Hypothesis 6) that there would be an inverse association between 
BMI and MVPA was not supported in this thesis with a positive association between 
BMI and light-intensity physical activity and waist circumference and light-intensity 
physical activity identified among Chinese-Australian adolescents (Chapter 7).  
These findings highlight the need to examine the role of light-intensity physical 
activity on weight status further, as the association was not in the hypothesised 
direction.  Light-intensity physical activity reflected the greatest volume of activity 
across the entire day and it was postulated that light-intensity activity is being 
engaged in preference to the more taxing MVPA among Chinese-Australian 
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adolescents with higher waist circumferences and BMI’s.  This notion is partially 
supported by the 2007 to 2009 Canadian Health Measures Survey whereby 
overweight and obese adolescents boys engaged in significantly less daily MVPA but 
similar volumes of light-intensity physical activity.(322)   Whilst the importance of 
light-intensity physical activity and health among adults is emerging,(336, 337) new 
research may highlight the need to promote greater participation in light-intensity 
physical activity among all youth but particularly among Asian-Australian youth. 
While current physical activity recommendations for young people in Australia(142, 
143) do not include light-intensity physical activity, future research may clarify the 
role of light-intensity physical activity for health benefits and is an important and 
emerging research area.  
 
Chapter 7 also presented data on the relationship between sedentary time and BMI 
and sedentary time and waist circumference (Hypothesis 6).  No association between 
sedentary time and measures of weight status was observed for Anglo-Australian and 
South-East Asian adolescents, which was identical to the review by Pate et al., 
(2011) where the relationship between BMI and screen-based, non-screen based and 
accelerometry measured sedentary time was inconsistent.(147) However, sedentary 
time was positively associated with waist circumference among Chinese-Australian 
adolescents which is consistent with the findings of other reviews of a positive 
relationship with sedentary time(27, 28) and TV/computer use.(148)  Although, the 
significance of this association was minimal and only explaining 3% of the variance 
in sedentary time.  The objective examination of sedentary time in the CAAHS may 
help explain this observation as a similar finding was observed among British 
children aged 10 years, where sedentary time was positively associated with waist 
circumference after adjusting for age and sex, but this association was attenuated 
after adjustment for MVPA in addition to a range of covariates.(275)  
 
They hypothesis (Hypothesis 7), that Chinese-Australian adolescents would differ 
significantly to Anglo-Australian adolescents on a range of perceived psychological 
and social influences on physical activity participation was supported by the results 
(Chapter 8).  Significant differences on six perceived psychological and social items 
were observed between Chinese-Australian and Anglo-Australian adolescents but not 
necessarily in a negative fashion.  Encouragingly, Chinese-Australian adolescents 
perceived less peer ridicule (‘others laugh at me when I am physically active’) and 
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lack of friend support (‘none of my friends want to do more exercise or activity with 
me’) compared to Anglo-Australian adolescents, suggesting these did not negatively 
impact on participation.  However, since Chinese-Australian adolescents were shown 
to engage in significantly less MVPA than their Anglo-Australian counterparts, these 
influences may not have an opportunity to take effect. In contrast, perceptions of 
maternal support, lack of time for physical activity and parental preference for 
education related activities were shown to be significantly lower among Chinese-
Australian adolescents compared to Anglo-Australian adolescents, suggesting they 
negatively impacted on participation. When the psychological and social factors were 
correlated with objectively measured MVPA and light-intensity physical activity 
among Chinese-Australian adolescents, no significant associations were revealed.  
However, these analyses also found that gender (being female) was negatively 
associated with MVPA participation among both Chinese-Australian and South-East 
Asian adolescents which was expected.(193, 196)   
 
The multivariate analyses also examined the relationship between perceived 
psychological and social influences and objectively measured sedentary time.  The 
hypothesis (Hypothesis 7) that the influences on participation would vary between 
Chinese-Australian and Anglo-Australian adolescents was supported by the results.  
Perceived barriers and negative outcome expectation were positively correlated with 
sedentary time among Anglo-Australian adolescents, as expected. However, what 
was not anticipated was that increased positive preference/ attitude towards physical 
activity would positively correlate with sedentary time among Chinese-Australian 
adolescents.  This finding was perplexing at first, however, it may reflect the 
independence of sedentary behaviour from physical activity,(26, 330, 331) in addition to a 
desire by Chinese-Australian adolescents to engage in more physical activity.  This is 
partially supported by the finding that there were no ethnic differences in mean 
response to the psychological item ‘I don’t like physical activity’.  Therefore, the 
desire to engage in physical activity among Chinese-Australians may be coupled 
with the perceived parental preference for education related activities and a 
perception of lack of time for physical activity.  Given that all Chinese-Australian 
adolescents were in attendance at a weekend cultural school and reported 
significantly greater participation in education-related sedentary behaviours 
(homework, tutoring, Saturday school) than Anglo-Australian adolescents, the desire 
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to engage in physical activity but perceived parental education preference may be a 
likely explanation for the above finding. 
 
9.4 Strengths and limitations 
A major strength of this thesis was the successful recruitment and engagement of 
Chinese-Australian adolescents in metropolitan Melbourne through Chinese-
weekend cultural schools.  As observed throughout, few studies have examined 
Chinese children or adolescents outside of China, with many studies grouping these 
participants into a broad ‘Asian’ category. The grouping of all individuals from an 
Asian background can be very reductive as there is enormous variation in culture, 
language, biology, religion and heritage among individuals who simply stem from 
the continent of Asia (e.g. Cambodia, Philippines, China, Japan, Mongolia, 
Afghanistan, India, Sri Lanka to name a few).(40) These differences can also exist 
within an individual country, however, it is important to note that 92% of individuals 
within China are of Han ancestry.(46) Therefore, the engagement of Chinese-
Australian adolescents specifically, who are likely to be of Han ancestry, reduces 
threats to external validity (generalizability) by avoiding grouping heterogeneous 
individuals into one homogenous group (e.g. ‘Asian’).  The unintentional recruitment 
of South-East Asian adolescents through Chinese-weekend cultural schools was a 
surprise finding of this thesis (Chapter 5).  It is not known why a high proportion of 
adolescents from a Vietnamese or Cambodian background attended Mandarin 
language classes, however, it is suggested that this may relate to perceived 
educational advantage or potential Chinese ancestry beyond grandparent generations. 
Regardless, the recruitment of both Chinese-Australian and South-East Asian 
adolescents are believed to be among the first to have investigated the basic health 
behaviours of Asian-Australian adolescents. 
 
The complexity and controversy in examining and defining race and ethnicity in 
public health research has been widely acknowledged.(34, 338, 339) In this thesis, the 
term Cultural and Linguistically Diverse (CALD) was applied to reflect groups and 
individuals that share a common ethnicity, language, race, religion and spirituality 
and is often used to describe groups that differ from the English speaking 
majority.(48)  There are many possible ways of classifying individuals into ethnic or 
CALD groups (e.g. language spoken at home, country of birth, ancestry and religious 
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affiliation); this thesis used country of birth to reduce potential misclassification of 
individuals (especially English-speaking) when examining language spoken at home.  
It was also believed that country of birth would be superior to religious affiliation or 
self-reported ancestry as adolescents may not have known their familial origins nor 
be inclined to report religious affiliations (if any), but would be likely to know the 
country of birth of their close relatives.  However, it should be acknowledged that the 
reported country of birth of the individual, their parents and grandparents may not 
always reflect the appropriate ethnic background, as participants may not necessarily 
be of Chinese ethnicity because they were simply born in China.  However, it has 
previously been observed that people from the same country of origin typically have 
a shared history, cultural tradition, geographic origin, common language, common 
literature, common religion, and are racially conspicuous.(22)   
 
The influence of selection bias was important for all presented results as Chinese-
Australian, South-East Asian and Anglo-Australian adolescents were recruited 
through different sampling strategies.  In addition, the low response rate in each 
study, although expected, (247-250)  and general threat of random sampling error 
(where the recruited population varies to the true population)(284) may have 
influenced the results.  The implemented sampling strategy was selected as a 
requisite to recruit sufficient numbers of Chinese-Australian adolescents.  This 
sampling strategy was confirmed as the most appropriate in the CAAHS study as 
only one participant recruited through government and independent secondary 
schools was identified as Chinese-Australian (Chapter 5.4.6).  However, this may be 
because recruitment through schools was limited to a total of two government and 
independent secondary schools.  Therefore, the representativeness of Anglo-
Australian, Chinese-Australian and South-East Asian adolescents to the wider 
community may be limited.  If an identical recruitment strategy to that outlined in 
Chapter 5 was conducted through government and independent schools to recruit 80 
Chinese-Australian adolescents, complete data would have been needed from a total 
of 1800 adolescents (12-16 years).  This assumption is based on the conservative 
estimate that 4.4% of adolescents in metropolitan Melbourne are Chinese-
Australian.(47)  The sheer volume of participants required, which does not include 
school and individual response rates, accelerometer compliance issues and budgetary 
constraints, was simply not practical for the present thesis.  Therefore, the influence 
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of selection bias on the generalizability and accuracy of the results, including 
ethnicity comparisons, cannot be ignored. 
 
In addition, the underpowered ethnic comparisons, non-concurrent self-report and 
accelerometry measured monitoring period and proxy SES measure, may have 
influenced the observed results.  In the methods chapter (Chapter 5) it was discussed 
that a sample size of 80 Chinese-Australian and Anglo-Australian adolescents would 
be needed to detect a 10 min.d-1 difference in daily MVPA (assuming a power of 
0.80 and alpha level of 0.05).  Whilst the overall recruitment of Chinese-Australian 
and Anglo-Australian adolescents was well over 80 for each group (100 and 110 
participants, respectively), compliance with the accelerometer inclusion criteria 
reduced the analyses to 68 and 83 participants for daily MVPA participation.  This 
was primarily due to a high number of participants (N = 51) failing to meet 500 
mins.d-1 of monitoring over 3 days (including one weekend day) and a large number 
of accelerometers (N = 17) producing spurious data, particularly among Chinese-
Australian adolescents.   This finding was not anticipated and reduced the power of 
the analyses, however, significant differences in physical activity were identified.  
 
As with any study, there was a trade-off between accuracy and practicality 
throughout the four studies.  A major strength of all studies was the use of a range of 
strategies to reduce potential errors in the results due to chance, bias or 
confounders.(284) Statistical significance was set below P<0.05 to reduce type I errors, 
response rates were declared to acknowledge potential random sampling errors, and 
appropriate statistical analyses with multiple comparisons were employed to reduce 
type I error.(284)  In addition, the potential influence of measurement bias was 
addressed by examining the psychometric properties of the self-report instruments 
among Chinese-Australian adolescents specifically and using objective measures of 
height, weight, waist circumference, physical activity and sedentary behaviour.(65)  
The issue of potential confounders was also examined through the in-depth 
hierarchical multiple regression analyses with a range of identified covariates (e.g. 
age, gender and SES category) included in the examination of relationships between 
independent and dependent variables of interest. However, since the influence of 
potential errors can never be completely eradicated in epidemiological research,(284) 
the discussed limitations should be considered when interpreting the findings from 
this thesis. 
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9.5 Future directions 
This thesis has spawned a range of research questions, which have been highlighted 
throughout the thesis. Primarily, future qualitative and quantitative research is 
needed to comprehensively understand why Chinese-Australian and South-East 
Asian adolescents engage in significantly less MVPA and light-intensity physical 
activity and greater sedentary time compared to Anglo-Australian adolescents. Since 
few significant correlations were observed between the objectively measured activity 
intensities and perceived psychological and social influences, qualitative 
investigations with Chinese-Australian and South-East Asian adolescents may 
identify additional influences on participation.  In particular, the importance of 
education-related sedentary behaviour, parental education beliefs, and parental 
support need to be further explored.  Although it was outside the scope of the present 
thesis, future studies among Chinese-Australians should examine diet quality and 
behaviours. 
 
Findings from this thesis indicate that all recruited adolescents, regardless of 
background, need to increase participation in daily MVPA to confer the associated 
health benefits.  In addition, decreases in sedentary time engagement and increases in 
light-intensity physical activity by Chinese-Australian and South-East Asian 
adolescents are needed, and this is likely to result in important health gains. 
Surprisingly, rates of overweight, obesity and abdominal obesity did not significantly 
differ between ethnic groups.  However, these rates were approximately 1 in 5 for 
combined overweight and obesity (WHO) (78) and abdominal obesity (UK) (87) and 
are still of concern, due to the high degree of tracking into adulthood.  Reductions in 
sedentary behaviour and overweight and obesity, and increases in light-intensity and 
MVPA participation are key health and health behaviour intervention targets for 
Chinese-Australian and also South-East Asian and Anglo-Australian adolescents. 
 
9.6 Conclusions 
This thesis makes a significant contribution to the evidence regarding the 
understanding of the prevalence and influences on overweight and obesity, 
abdominal obesity, physical activity and sedentary behaviour among Asian-
Australian youth. The results have highlighted that negative disparities exist in 
objectively measured MVPA, light-intensity physical activity and sedentary time 
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between Chinese-Australian, South-East Asian and Anglo-Australian adolescents.  
These may relate to perceived lower levels of parental support for physical activity 
and increased importance of education-related activities among Asian adolescents, 
which may have displaced physical activity in preference for sedentary activity.  
Future research is needed to increase our understanding of participation in these 
health behaviours in order to better inform the development of interventions 
preventing overweight and obesity among Chinese-Australian adolescents; an 
important and growing sub-group of the Australian population. 
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Appendices  
Appendix 1 & 2. Prevalence of combined overweight and obesity among 
CALD and non-CALD youth in NSW between 2004 and 2010 
 
Appendix 1 and 2 is adapted from the results by Booth et al., 2006(29) & Hardy, King, 
Espinel, Cosgrove & Bauman (2011).  These figures display the change in 
prevalence of combined overweight and obesity between 2004 and 2010 among 
English speaking (non-CALD), European, Middle Eastern and Asian youth in grades 
K to 10. 
 
Figure A.1 Prevalence of combined overweight and obesity among CALD and non-CALD boys in NSW between 2004 and 2010#(29, 30) 
  
# = Figure developed from the results by Booth et al., 2006(29) & Hardy, King, Espinel, Cosgrove & Bauman (2011)(30), Year 6 = approximately 11-12y, Year 8 = approximately 13-
14y), Year 10 = approximately 15-16y). 
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Figure A.2 Prevalence of combined overweight and obesity among CALD and non-CALD girls in NSW between 2004 and 2010#(29, 30) 
  
# = Figure developed from the results by Booth et al., 2006(29) & Hardy, King, Espinel, Cosgrove & Bauman (2011)(30), Year 6 = approximately 11-12y, Year 8 = approximately 13-
14y), Year 10 = approximately 15-16y). 
Appendix 3. The CAPANS-PA and CAPANS-BA reliability and validity 
study plain language statement and consent form 
The contained plain language statement and consent form included both Chinese 
(simplified mandarin) and English instructions for participants and their 
parents/guardians.  The instructions in Chinese and English are identical, since 
professional translation services were employed and paid to translate the English 
version of the questionnaire into Chinese (simplified mandarin).  The accuracy of 
these translated versions was verified by Dr Jisheng Cui and the Principal from the 
first recruited Chinese-weekend cultural school.  
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DEAKIN UNIVERSITY 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
An Invitation to Participate in Research 
Date: ( DD/MM/YYYY) 
Title of project: The Chinese and Australian Adolescent Health Study 
Principle researcher: Dr Cate Burns 
 
Dear student, parent/guardians; my name is Cate Burns and I am writing to you to invite you to 
participate in a study being conducted at (SCHOOL NAME).  This study aims to investigate the 
health status of young Victorians aged 12-16 years, especially those from diverse ethnic 
backgrounds and those who are of Australian ancestry.  This letter outlines the research to be 
conducted and includes a consent form. We ask that you please read the following letter 
carefully, so you can make an informed decision about participating.   
 
This Plain Language Statement and Consent Form is five (5) pages long.  Please make sure you 
have all the pages as it contains detailed information about the research.  Its purpose is to 
explain to you and your child as openly and clearly as possible all the procedures involved in 
this research so that you can make a fully informed decision whether your child is going to 
participate.  
Once you understand what the research is about and you agree for your child to take part in it, 
please sign the Consent Form and return it to your school by (DD/MM/YYYY).  By signing the 
Consent Form, you indicate that you understand the information and that you give consent for 
your child to participate in the research.ġ
1. Purpose and Background 
We would like to find out about the health status of Victorian adolescents by looking at their 
physical activity levels, weight status and sedentary behaviours to help understand changes that 
have occurred in recent times.  In particular, we wish to understand any cultural factors that 
influence children’s participation in physical activity and the types of sedentary activities (e.g. 
television, computer use, educational activities and social activities) they engage in.  In the 
current global climate, understanding the reasons why young people engage in physical activity 
is very important so that we can potentially make changes to improve their health.  
 
If you and your child agrees to be involved in this study we would like your child to complete a 
self-report survey regarding their physical activity levels and sedentary behaviours they engage 
in and their perceived barriers to physical activity participation (e.g. lack of time, social support, 
illness).  This survey will take approximately 20 minutes to complete and will be conducted in 
school time in the classroom.  The information from this study will be invaluable in helping us 
describe the types of physical activities and sedentary behaviours engaged in by Chinese-
Australian adolescents which will be used to inform educators, policy makers, researchers and 
the wider community about the health status of our children and identify possible solutions.  
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ਾ᭩ਈѫ᜿ˈਚ㾱ᮠᦞቊᵚ㻛༴⨶ˈԫօᰦى൷ਟ䘹ᤙ䘰ࠪǄ䘰ࠪѻࡽᡰ㧧ᗇⲴؑ᚟䜭ሶнՊ
֯⭘ˈ㘼Պ㻛䬰⇱Ǆᰐ䇪ᛘ䘹ᤙ৲о䘈ᱟн৲оˈᡆ㘵ᴰࡍ䘹ᤙ৲о❦ਾ䘰ࠪˈ䜭нՊᖡ૽ࡠ
ᛘо䘚㛟བྷᆖᡆԫօަԆ᭯ᓌ䜘䰘˄∄ྲ Centrelink˅Ⲵޣ㌫Ǆ 
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2. Funding 
This study is being completed as part of the requirements for the award Doctor of Philosophy by 
Claudia Strugnell.  Claudia is supported throughout this study by a Deakin University 
Postgraduate Research Scholarship.  Additional funding is being provided by the Public Health, 
Research, Evaluation and Policy Cluster (Deakin University) and any shortfall in this funding is 
being sought externally. 
 
3. Procedures 
If you and your child agree to participate in the study we would like your child to complete the 
self-report physical activity survey on two occasions, one week apart during school time.  The 
reason we would like to have children complete the survey on two occasions is so we can see a) 
how reliable the survey is and b) if any changes in physical activity participation have occurred 
during a one week period. 
 
In class-time students will complete the survey on two occasions, one week apart.  Questions in 
the survey ask basic information about your child (e.g  Age, Gender, Country of birth of child, 
parents and grandparents, postcode of residence).  In addition questions regarding the types of 
physical activity and sedentary behaviours engaged in and the time spent in these activities will 
be gathered (e.g. In the past 7 days have you engaged in soccer? The number of times you played 
soccer during the week and weekend and for how long?).  Finally, questions regarding your 
child’s opinions surrounding physical activity participation will be asked and your child will be 
asked how strongly they agree with each statement (e.g. I don’t like physical activity; I prefer to 
watch television or play electronic games).  Your child’s confidentiality will also be maintained 
and they will not be identified in any report or publication (see privacy, confidentiality and 
disclosure of information section). 
 
4. Possible Benefits 
Possible benefits include valuable information that will aid the development of programs that 
will address any gaps or needs of the community identified by the research. Also, by collecting 
this information, governments and policy makers will be better able to plan what services are 
needed and how they can be delivered in the future for our children and adolescents.   
 
5. Possible Risks 
Possible risks, side effects and discomforts from the self-report survey are extremely unlikely. 
Should your child feel any distress they should inform the researcher immediately and cease 
their involvement right away.  There are no consequences for withdrawal of participation. 
 
6. Privacy, Confidentiality and Disclosure of Information 
Any information obtained in connection with this research that can identify your child will 
remain confidential.  All information provided will be used for the research purposes only, it will 
be collected and kept in confidence and will not be released to anyone outside the study team.  It 
will be kept in locked facilities at Deakin University in accordance with the government 
guidelines.  Consent forms will be stored separately to the data collected and data will be 
disposed of after a minimum period of 6 years.  Only members of the study team will have 
access to the data/records and the computer records will be password protected. We plan to 
share and discuss the results with government departments, policy makers and publish the 
results in peer-reviewed journals and present the findings at relevant conferences. In any 
publication, presentation or discussion the information will be provided in such a way that your 
child cannot be identified. 
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൘ᛘڊࠪߣᇊѻࡽˈᡁԜ䈳ḕഒ䱏Ⲵа਽ᡀઈሶ䲿ᰦѪᛘ䀓ㆄᴹޣ↔⅑⍫ࣘⲴԫօ䰞仈ˈᛘਟ
ੁަ䈒䰞ᛘⅢҶ䀓Ⲵԫօؑ᚟Ǆ䈧ᛘ࣑ᗵ൘䈒䰞䰞仈ᒦфᗇࡠ┑᜿എㆄѻਾ޽ㆮ㖢਼᜿ҖǄ 
ྲ᷌ᛘߣᇊ䘰ࠪ↔⅑䈳ḕ⍫ࣘˈ䈧䙊⸕䈳ḕഒ䱏Ⲵᡀઈˈᡆ㘵ປ߉ᒦᇴഎ䲿䱴Ⲵǉ᫔䬰਼᜿Җ
ǊǄ 
9. 䚃ᗧ߶ࡉ 
ᵜ䈳ḕ⍫ࣘሶṩᦞ◣བྷ࡙ӊഭᇦڕᓧ઼५⯇⹄ウငઈՊਁᐳⲴǉᴹޣӪ㊫䈳ḕѝ䚃ᗧ㹼ѪⲴഭ
ᇦ༠᰾Ǌ˄2007˅ᇎᯭǄ䈕༠᰾Ⲵࡦᇊᰘ൘Ҿ؍ᣔ਼᜿৲࣐Ӫ㊫䈳ḕ⍫ࣘ㘵Ⲵᵳ⳺Ǆ 
ᴹޣ↔⅑⍫ࣘⲴ䚃ᗧһ亩ᐢ㧧ᗇ䘚㛟བྷᆖӪ㊫⹄ウ䚃ᗧငઈՊ઼㔤ཊ࡙ӊᐎᮉ㛢оㄕᒤਁኅ䜘
Ⲵᢩ߶Ǆ 
10. ᣅ䇹ᯩᔿ 
ྲ᷌ᛘሩ↔⅑䈳ḕ⍫ࣘⲴԫօᯩ䶒ᡆަᔰኅᯩᔿᴹԫօн┑ˈᡆሩ㠚ᐡ֌Ѫ৲о㘵Ⲵᵳ࡙ᆈᴹ
ԫօ⯁䰞ˈ䈧㚄㌫˖ 
Secretary HEAG-H, Dean’s Office, Faculty of Health, Medicine, Nursing and Behavioural Sciences, 
221 Burwood Hwy, Burwood, Vic 3125, Telephone: (03) 9251 7174, Email hmnbs-
research@deakin.edu.au 
䈧䈤᰾䈳ḕ⍫ࣘԓ⸱ EC [1_09] -2009Ǆ 
11. 䍩⭘㺕گ 
ཧ୚Ṉḟ宫㞍ά≐᫝᪢‧ⓗࠋణ᫝㸪ᝍ఍卟ᚓ୍௷峬ᩱ⿄㸪ෆྵ୍⻈Ṉḟ宫㞍ά≐ⓗ孩Ḏ௨ཬ
୍௳ᑠᆺయ⫱ჾᮦࠋ 
 
12. ᴤཊؑ᚟ǃ䈒䰞ᡆԫօ䰞仈 
ྲ᷌ᛘ䴰㾱Ҷ䀓ᴤཊؑ᚟ˈᐼᵋ䘰ࠪ䈳ḕ⍫ࣘᡆሩ䈳ḕ⍫ࣘᆈᴹԫօ⯁䰞ˈ䈧㚄㌫Dr Cate 
Burns, from the School of Exercise and Nutrition Sciences, Deakin University on  
03 9251 7273 or cate.burns@deakin.edu.au  
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7. Results of research 
The results from this research will be discussed with government departments, policy 
makers, educators and the wider community.  In addition, publications in relevant 
journals and conferences are anticipated however, in any publication, presentation or 
discussion the information will be provided in such a way that your child cannot be 
identified.   
 
8. Participation is Voluntary 
Participation in this research is voluntary. If you and/or your child do not wish to take part you 
are not obliged to. If you decide to take part and later change your mind, you are free to 
withdraw from the research at any stage until the data is processed. Any information obtained 
to date will not be used and will be destroyed. Your decision whether to take part or not to take 
part, or to take part and then withdraw, will not affect your relationship with Deakin University 
or any other government departments such as Centrelink. 
Before you make your decision, a member of the research team will be available to answer any 
questions you have about the research. You can ask for any information you want.  Please sign 
the Consent Form only after you have had a chance to ask your questions and have received 
satisfactory answers. 
If you decide to withdraw from this research, please notify a member of the research team or 
complete and return the Revocation of Consent Form attached.  
9. Ethical Guidelines 
This research will be carried out according to the National Statement on Ethical Conduct in 
Human Research (2007) produced by the National Health and Medical Research Council of 
Australia. This statement has been developed to protect the interests of people who agree to 
participate in human research studies. 
The ethics aspects of this research have been approved by the Human Research Ethics 
Committee of Deakin University and The Department of Education and Early Childhood 
Development Victoria.  
10. Complaints 
If you have any complaints about any aspect of the research, the way it is being conducted or 
any questions about your rights as a participant, then you may contact:   
Secretary HEAG-H, Dean’s Office, Faculty of Health, Medicine, Nursing and Behavioural Sciences, 
221 Burwood Hwy, Burwood, Vic 3125, Telephone: (03) 9251 7174, Email hmnbs-
research@deakin.edu.au 
Please quote research number EC [1_09] -2009. 
11. Reimbursement for your costs 
You will not be paid for your participation in this research.  However, you will receive a small 
information pack and certificate for participating in this research, including a small piece of 
sporting equipment.  
12. Further Information, Queries or Any Problems 
If you require further information, wish to withdraw your participation or if you have any 
problems concerning this research, you can contact: 
Dr Cate Burns, from the School of Exercise and Nutrition Sciences, Deakin University on 03 9251 
7273 or cate.burns@deakin.edu.au  


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㏔⫯኱Ꮫ 
䬨᫂宕ゝኌ᫂୚ྠពḎ 
 
㠤˖ᆖ⭏ǃᇦ䮯/ⴁᣔӪ 
਼᜿Җ- ᇦ䮯 
ᰕᵏ˖(DD/MM/YYYY) 
校䚖⎵䦘㸸⋶⿰࿴⃧ ኱฼Ṃ曺⮹⸜‍⹟宫㞍 
 
ᡁ֌ѪBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB˄ᆙᆀⲴဃ਽˅Ⲵᇦ䮯ⴁᣔӪˈᐢ㓿䰵䈫ᒦ⨶
䀓Ҷ䲿䱴Ⲵǉㆰ᰾䈝䀰༠᰾ǊǄ
ᡁ㠚ᝯ਼᜿ᡁⲴᆙᆀ᤹➗ǉㆰ᰾䈝䀰༠᰾ǊѝⲴᶑⅮ৲о↔⅑䈳ḕ⍫ࣘǄ
ᡁᐢ㧧ᗇᒦ⮉ᆈҶǉㆰ᰾䈝䀰༠᰾Ǌ઼ǉ਼᜿ҖǊⲴ࢟ᵜǄ 
⹄ウӪઈᐢ਼᜿ˈ൘ԫօᛵߥлˈवᤜԕԫօޜᔰᯩᔿࠪ⡸ᡆޜᐳ↔⅑䈳ḕ⍫ࣘⲴ⴨ޣؑ᚟ᰦ
ˈߣн䘿䵢ᡁᆙᆀⲴԫօ䓛ԭ઼њӪؑ᚟Ǆ 
 
ᇦ䮯/ⴁᣔӪဃ਽˄↓փ˅…………………………………………………………………… 
ㆮ਽……………………………………………………… ᰕᵏ………………………… 
 
ᡁ˄ᆖ⭏/৲о㘵˅ᱟ__________________________________˄ဃ਽˅ˈᐢ㓿䰵䈫ᒦ⨶䀓
Ҷ䲿䱴Ⲵǉㆰ᰾䈝䀰༠᰾ǊǄ 
ᡁ㠚ᝯ਼᜿᤹➗ǉㆰ᰾䈝䀰༠᰾ǊѝⲴᶑⅮ৲о↔⅑䈳ḕ⍫ࣘǄ 
ᡁᐢ㧧ᗇᒦ⮉ᆈҶǉㆰ᰾䈝䀰༠᰾Ǌ઼ǉ਼᜿ҖǊⲴ࢟ᵜǄ 
⹄ウӪઈᐢ਼᜿ˈ൘ԫօᛵߥлˈवᤜԕԫօޜᔰᯩᔿࠪ⡸ᡆޜᐳ↔⅑䈳ḕ⍫ࣘⲴ⴨ޣؑ᚟ᰦ
ˈߣн䘿䵢ᡁⲴԫօ䓛ԭ઼њӪؑ᚟Ǆ 
 
ᆖ⭏/৲о㘵ဃ਽˄↓փ˅…………………………………………………………………… 
 
ㆮ਽……………………………………………………… ᰕᵏ………………………… 
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DEAKIN UNIVERSITY 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO: Student, parent/guardian 
 
Consent Form-parents 
Date: (DD/MM/YYYY) 
Full Title: The Chinese and Australian Adolescent Health Study 
 
I (parent/guardian) of _________________________________ (child’s name) have read and understood 
the attached Plain Language Statement. 
I freely agree for my child to participate in this research according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to keep.  
The researcher has agreed not to reveal any identity and personal details that relate to my child, 
including where information about this research is published, or presented in any public form.   
 
Parent/Guardian Name (printed) ………………………………………………………………………….. 
 
Signature ……………………………………………………… Date  ………………………… 
 
I (student/participant) _________________________________ (name) have read and understood the 
attached Plain Language Statement. 
I freely agree for myself to participate in this research according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to keep.  
The researcher has agreed not to reveal any identity and personal details that relate to myself, 
including where information about this research is published, or presented in any public form.   
 
Student/Participant name (printed) …………………………………………………………………… 
 
Signature ……………………………………………………… Date  ………………………… 
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䘚㛟བྷᆖ 
䬨᫂宕ゝኌ᫂୚ྠពḎ 
 
TO:  
Dr Cate Burns 
School of Exercise and Nutrition Sciences 
Faculty of Health, Medicine, Nursing & Behavioural Sciences 
Deakin University 
221 Burwood Highway 
Burwood 3125                                                 
 
᫔䬰਼᜿Җ - ᇦ䮯 
㸦㏧⏝னᕼᮃ㏥ฟ宫㞍ά≐ⓗཧ୚⪅㸧 
ᰕᵏ˖ 
校䚖⎵䦘㸸⋶塼␴㽛⣏⇑Ṃ曺⮹⸜‍⹟宫㞍 
 
 
ᡃ≉Ṉᕼᮃ᧔撨ᡃ/ᏝᏊ⮡னཧ୚ୖ㏙宫㞍ά≐ⓗྠពព奩㸪ᖼୟ⌮ゎ᧔撨ྠព୙఍ᙳဤᡃ୚
㏔⫯኱Ꮫ௨ཬ඼௚௵ఱᨻᗓ㒊斐அ斜ⓗය⣔ࠋ 
 
 
ཧ୚⪅ጣྡ㸦ṇయ㸧…………………………………………………………………… 
 
 
䬦ྡ………………………………………………………  
᪥ᮇ………………………… 
 
Please mail or post this form to: 
 
Dr Cate Burns 
School of Exercise and Nutrition Sciences 
Faculty of Health, Medicine, Nursing & Behavioural Sciences 
Deakin University 
221 Burwood Highway 
Burwood 3125 
Tel: + 61 3 9251 7273 
Email: cate.burns@deakin.edu.au  
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DEAKIN UNIVERSITY 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  
Dr Cate Burns 
School of Exercise and Nutrition Sciences 
Faculty of Health, Medicine, Nursing & Behavioural Sciences 
Deakin University 
221 Burwood Highway 
Burwood 3125      
 
Revocation of Consent Form-Parents 
(To be used for participants who wish to withdraw from the research) 
Date: 
Full Title: The Chinese and Australian Adolescent Health Study 
 
I hereby wish to WITHDRAW my consent/child’s consent to participate in the above 
research and understand that such withdrawal WILL NOT jeopardise my relationship 
with Deakin University and any other government departments 
 
 
Participant’s Name (printed) ……………………………………………………. 
 
 
Signature ………………………………………………………………. Date …………………… 
 
 
Please mail or post this form to: 
 
Dr Cate Burns 
School of Exercise and Nutrition Sciences 
Faculty of Health, Medicine, Nursing & Behavioural Sciences 
Deakin University 
221 Burwood Highway 
Burwood 3125 
Tel: + 61 3 9251 7273 
Email: cate.burns@deakin.edu.au   
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Appendix 4. The CAPANS-PA Questionnaire Development 
Appendix 4. contains a summary of all the items included in the CAPANS-PA 
questionnaire, acknowledging where possible to the original source, any 
modifications made to the item and reliability or validity information if available is 
presented.
Table A.1 Summary of the CAPANS-PA questionnaire 
Question Description Source(s) Modifications  from  the 
original CAPANS 
questionnaire 
Validity 
Demographic Students record their: 
- Name 
- Age (Years) 
- Date of birth 
- School (Mon-Fri) 
- Gender (circle) 
- Postcode of primary residence 
CAPANS Years 8, 10 
and 11 questionnaire 
(226) 
These items were moved to the 
beginning of instrument instead of 
being the last questions.  Also, 
language spoken at home and are you 
an Aboriginal or Torres-Straight 
Islander was removed. 
 
1-5. 
Country of birth 
Students report the country of birth via circling the correct option or 
adding new country for the following: 
- Themselves 
- Mother and father (if known) 
- Maternal grandmother and grandfather (if known) 
Only birthplace of 
participant was adapted 
from CAPANS Years 
8, 10 and 11 
questionnaire (226) 
Additions included a list of 10 
countries of birth.  Also parental and 
maternal grandparents’ birthplace 
with the option to write down country 
of birth. 
 
6. 
Recall previous 
7-day activity 
Students recall their PA participation during the last 7-days via a list of 
32 common physical activities.  An additional two ‘other’ activity 
options can be filled in by students should their activity not appear on 
the list.  Students recall: 
- Whether they participated in the last 7-days (Y/N)  
- Frequency Mon-Fri 
- Duration Mon-Fri 
- Frequency Sat & Sun 
- Duration Sat & Sun 
CAPANS Years 8, 10 
and 11 questionnaire 
(226)  
 
Adapted from APARQ 
(215) and CLASS(214) 
Reworded to ‘last 7-days’ from 
‘usually do during a typical week’.  
Removed activity ‘4 square/Down 
ball’.  Added surfing, hockey and 
martial arts as recommended by 
CAPANS technical report (226).  Also 
added extra ‘other’ activity item.  29 
out of the 32 items are identical to 
CLASS except from the change to 
‘usual activity’ 
Very low 
correlations 
between duration of 
self-report MVPA 
and accelerometry      
(ρ = -0.04, 95%CI) 
10-12y. 
 Table A.1 continued over the page 
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Table A.1 continued 
Question Description Source(s) Modifications  from  the 
original CAPANS 
questionnaire 
Validity 
7. 
Activity 
perception 
during PE 
Students indicate their perception of how frequently they were very 
active (playing hard, running, jumping, throwing & not waiting for 
their turn) during their PE class in the last 7-days by selecting an item 
from the below checklist: 
a) I don’t do PE        e) Always 
b) Hardly ever 
c) Sometimes 
d) Often 
CAPANS Years 8, 10 
and 11 questionnaire 
(226) 
 
Adapted from PAQ-C 
(228) and PAQ-A (227) 
None- identical  
8-9. School 
based activity  
(Recess & 
Lunch) 
Students indicate the activities conducted at recess and lunch during 
the past 7-days (aside form eating) by selecting the appropriate item 
form the below checklist: 
a) Sat down (talking, reading, doing school work) 
b) Stood or walked around 
c) Ran or played a little bit 
d) Ran around and played quite a lot 
e) Ran and played most of the time 
CAPANS Years 8, 10 
and 11 questionnaire 
(226) 
 
Originally modified 
from AHFS 1985 (230) 
None- identical  
Table A.1 continued over the page 
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Table A.1 continued 
Question Description Source(s) Modifications  from  the 
original CAPANS 
questionnaire 
Validity 
10-12. Non-
school based 
activity 
Students indicate on how many days i) right after school, ii) in the 
evenings, and on the previous weekend they did sports, dance or play 
games in which they were very active by selecting the appropriate item 
from the below checklist: 
a) None 
b) 1 time last week 
c) 2 or 3 times last week 
d) 4 or 5 times last week 
e) 6 or 7 times last week 
CAPANS Years 8, 10 
and 11 questionnaire 
(226)  
 
Adapted from PAQ-C 
(228) and PAQ-A (227) 
None- identical  
13. 
Prevented from 
normal activity 
Students indicate if they were prevented from engaging in their normal 
activities in the previous week (Yes/No) and for what reason e.g. 
Injured, Flu, School camp 
CAPANS Years 8, 10 
and 11 questionnaire 
(226) 
None- identical  
14-15 
Active transport 
to and from 
school 
Students recall how they travelled to school and from school for the  
previous Friday which had just passed by selecting the appropriate item 
from the below checklist and open ended item: 
a) Did you walk or cycle to/from school on Friday (Y/N) 
bi) Did you walk all the way to school/home from school (Y/N) 
bii) Did you walk to school/home from school from the bus/train 
station (Y/N) 
biii) Did you cycle all the way to school/home from school (Y/N) 
biv) Did you cycle to school/home from school from the bus/train 
station (Y/N) 
c) How many minutes did it take to walk/cycle to and from school? 
CAPANS Years 8, 10 
and 11 questionnaire 
(226) 
 
Adapter from the 
AHFS 1985  (230) 
None- identical  
Table A.1 Continued over the page 
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Table A.1 Continued 
Question Description Source(s) Modifications  from  the 
original CAPANS 
questionnaire 
Validity 
16. 
Recall previous 
7-day sedentary 
behaviour 
Students recall their sedentary behaviours during the last 7-days via a 
list of 14 common sedentary activities.  Students recall: 
- Duration of participation Mon-Fri 
- Duration of participation Sat & Sun 
CAPANS Years 8, 10 
and 11 questionnaire 
(226) 
 
Adapted from CLASS 
(214) and APARQ (215) 
Reworded to ‘last 7-days’ from 
‘Usually spend doing on an average 
school day and weekend’.  Added 
DVD to ‘Watch Videos’ item.  
Removed ‘extra tutoring’ from 
‘Study or do homework’ and 
‘Saturday school’ from ‘Go to 
church’ and created separate items for 
‘Attend Saturday school’ and ‘Attend 
out-of-school hours tutoring’. 
 
 
 
 
 
Appendix 5. The CAPANS-PA Questionnaire 
The PDF version of the CAPAN-PA Questionnaire has been included as an image in 
the following pages due to the formatting requirements of the thesis.  It was not 
possible to include the word version and demonstrate the accurate layout of the 
questionnaire (as presented to participants).  Hence, the PDF version is included and 
as consequence the font appears smaller than actually is observed in the ‘real 
version’. 
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Appendix 6.  Characteristics of Chinese-Australian adolescents 
recruited in Spring 2009 and Autumn 2010 
 
Table A.2 provides an overview of Chinese-Australian participants in 2009 and 2010 
through two data collection waves.  There were no significant differences in age, 
gender or objectively measured participation, therefore the data from these two 
recruitment periods was merged. 
Table A2 Characteristics of Chinese-Australian participants from Spring and 
Autumn data collection periods 
 Spring Chinese 
Schools 
(N = 24) 
Autumn Chinese 
Schools 
(N = 45) 
P value 
Age (years) 13.67 ± 1.34 13.33 ± 1.04 0.258 
Gender (Male %) 37.5% 42.2% 0.704 
Total PA count.min-1# 392.12 ± 137.44 381.92 ± 95.37 0.719 
Light (mins.d-1)# 159.20 ± 30.78 174.41 ± 43.70 0.135 
MVPA (mins.d-1)# 23.96 ± 12.48 26.41 ± 11.45 0.414 
Sedentary (mins.d-1) # 532.98 ± 78.73 554.08 ± 68.74 0.704 
No significant difference in means of proportion of males adolescents was observed; # = Mean value 
and standard deviation based on 3-days of monitoring (including 1-weekend day). 
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Appendix 7.  The CAPANS-BA Questionnaire Development 
Appendix 7. provides a summary of all the measures within the CAPANS-BA 
questionnaire, acknowledging where possible the original source, any modifications 
made and reliability properties where available.  Based on the findings of three 
previous reviews on the correlates of physical activity participation among 
adolescents,(193-195) the revealed association with the variable was provided as 
evidence of construct/criterion validity.
Table A.3  Overview of the CAPANS-BA questionnaire items, development and psychometric properties 
Question 
Number 
Description and item number Sources (s) Modifications
/ additions  
Reliability Validity 
Q.1 
Psychological 
and social 
correlates of 
physical 
activity 
participation 
Students indicated their opinions towards 25 
statements (below) that are thought to be 
associated with physical activity participation.  A 
5-point likert scale was used for each statement 
and students could select from: 
a) Strongly Agree 
b) Agree 
c) Neither 
d) Disagree 
e) Strongly Disagree 
f) Don’t Know 
CAPANS 
Years 8, 10 
and 11 
questionnaire 
☼ (226) 
CLASS 10-
12y 
questionnaire 
# (261) 
Modifications/a
dditions from 
original 
CAPANS 
questionnaire 
 
New items 
included are 
indicated with 
an circle (●) in 
below table  
7-day test-retest 
reliability of the item 
among  children aged 
10-12 years in 
metropolitan 
Melbourne..(261)  Non-
identical statements 
indicated with a (ⱷ) 
The reviews of Sallis, Prochaska & Taylor 
(2000),(195) Van Der Horst, Chin A. Paw, Twist & 
Mechelen (2007)(193) and Uijtdewilligen, Nauta, 
Singh, van Mechelen, Twisk and Van Der Horst 
(2011), (194)  were used to determine the name and 
level of association with physical activity for 
adolescents.  When of the associations were in a 
similar direction, this was coded as positive (+), 
inverse (-) or 0 (no association),? = inconclusive.  
When there was not a matching heading, a new 
category was created 
 
  Psychological statements  Sallis  Van 
Der 
Horst  
Uijtdewi
lligen  
 1. I do a lot of physically activity ☼ # None κ = 0.58** (ⱷ) perceived activity level    
 2. I look funny when I am physically active ☼ # None κ = 0.30** (ⱷ) perceived barrier 0 ?  
 3. I don’t have enough time for physical activity ☼ # None  perceived barrier  0 ?  
 4. I prefer to watch TV or play electronic games ☼ # None κ = 0.40** (ⱷ) preference/attitude  
( if recoded) 
? + ? 
 6. I don’t like physical activity ☼ # None κ = 0.40** (ⱷ) preference/attitude 
 if recoded) 
? + ? 
 7. There are no parks, or sporting grounds near 
where I live 
☼ # None  perceived barrier  0 ?  
 8. Other kids make fun of me when I am 
physically active 
☼ # None κ = 0.44** (ⱷ) perceived barrier  0 ?  
 9. I don’t think I am very good at physical 
activity 
☼ # None κ = 0.38** (ⱷ) self-efficacy ? +  
 10. I have a health problem that prevents me from 
being physically active 
☼ # None  κ = 0.40** (ⱷ) perceived barrier  0 ?  
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Table A.3 continued 
Question 
Number 
Description and item number Sources (s) Modifications
/ additions  
Reliability Validity    
      Sallis  Van 
Der 
Horst  
Uijtdewi
lligen  
 11. I have an injury that prevents me from being 
physically active 
☼ # None κ = 0.35** (ⱷ) perceived barrier 0 ?  
 12. I am scared that I might get hurt if I played a 
sport (e.g. football, netball) 
☼ # None  perceived barrier  
 
0 ?  
 13. I don’t have the proper clothing or shoes to 
play sport 
☼ # None  perceived barrier  0 ?  
 14. I don’t like how being physically activity 
makes me feel (e.g. hot, sweaty, out of breath) 
☼ # None κ = 0.34** (ⱷ) perceived barrier  
 
0 ?  
 16 & 17. Mum/ Dad does a lot of physical 
activity 
 (●)  perceived parental 
activity 
0 0 ? 
 Social statements 
 5. I don’t have anyone to be physically active 
with 
☼ # None κ = 0.51** (ⱷ) friend support  
 
+ +  
 15. None of my friends want to do more exercise 
or activity with me 
 (●)  friend support  
 
+ +  
 18 & 19. Mum/ Dad doesn’t encourage me to be 
physically active 
 (●)  family support  
 
+ +  
 20 & 21. Mum/ Dad doesn’t help me be 
physically active (get to places, pay for 
equipment/fees) 
 (●)  family support  
 
+ +  
 22 & 23. Mum/ Dad isn’t physically active with 
me 
 (●)  Parental co-
participation  
  ? 
 24 & 25. Mum/ Dad thinks education/study is 
more important than physical activity 
 (●)  parental educational 
preference 
 
   
Table A.3 continued over the page 
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Table A.3 continued 
Question 
Number 
Description and item number Sources (s) Modifications
/ additions  
Reliability Validity 
Q.2 
Psychologic
al correlates 
of physical 
activity 
participation 
Students indicated their opinions towards 25 
statements (below) that are thought to be 
associated with physical activity participation.  
A 5-point likert scale was used for each 
statement and students could select from: 
a) Strongly Agree 
b) Agree 
c) Neither 
d) Disagree 
e) Strongly Disagree 
f) Don’t Know 
CAPANS 
Years 8, 10        
and 11 
questionnaire 
☼ (226) 
CLASS 10-
12y  
questionnaire 
# (261) 
11/12 items 
identical.   
 
The new item is 
indicated with 
an circle (●) in 
below table 
Not available as was not 
included in the CLASS 11-
12y questionnaire 
The reviews of Sallis, Prochaska & Taylor 
(2000),(195) Van Der Horst, Chin A. Paw, Twist & 
Mechelen (2007)(193) and Uijtdewilligen, Nauta, 
Singh, van Mechelen, Twisk and Van Der Horst 
(2011), (194)  were used to determine the name and 
level of association with physical activity for 
adolescents.  When of the associations were in a 
similar direction, this was coded as positive (+), 
inverse (-) or 0 (no association),? = inconclusive.  
When there was not a matching heading, a new 
category was created 
 
  Psychological statements  Sallis  Van 
Der 
Horst  
Uijtdewi
lligen  
 26. Keep me healthy ☼ None perceived benefits  ? 0  
 27. Help me study and learn better ☼ None perceived benefits  ? 0  
 28. Improve my appearance ☼ None body attractiveness     
 29. Make me feel good about myself ☼ None  perceived benefits  ? 0  
 30. Make or keep me fit ☼ None  perceived benefits ? 0  
 31. Prevent me doing other things I like more ☼ None  rather do other things    ? 
 32. Help me lose weight or help me control my 
weight 
☼ None  exercise controls weight   ? 
 33. Let me have a lot of fun ☼ None  fun enjoyment 0 0  
 34. Make my parents/carers happy ☼ None  perceived benefits  ? 0  
 35. Help me spend time with my friends ☼ None  perceived benefits  ? 0  
 36. Help me make new friends ☼ None  perceived benefits  ? 0  
 37. Prevent me from doing homework/study  (●)  perceived barrier  0 ?  
 
Appendix 8. The CAPANS-BA Questionnaire 
The PDF version of the CAPAN-BA questionnaire has been included as an image in 
the following pages due to the formatting requirements of the thesis.  It was not 
possible to include the word version and demonstrate the accurate layout of the 
questionnaire (as presented to participants).  Hence, the PDF version is included and 
as consequence the font appears smaller than actually is observed in the ‘real 
version’. 
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Appendix 9. The Chinese and Australian Adolescent Health Study plain 
language statement and consent form 
Two versions of the included plain language statement and consent form were 
generated.  The first included both Chinese (simplified mandarin) and English 
instructions for participants and their parents/guardians and were distributed at 
Chinese-weekend cultural schools.  The second version included English instructions 
for participants and their parents/guardians.  The English versions were distributed at 
government secondary schools.  The instructions on both plain language statements 
and consent forms were identical. Professional translation services were employed 
and paid to translate the English version of the questionnaire into Chinese (simplified 
mandarin).  The accuracy of these translated versions was verified by the Principal of 
the first recruited Chinese-weekend cultural school.   The plain language statement 
and consent forms were designed so that when printed double sided, the English 
information would be on one-side of the page with the Chinese information on the 
back page.  
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㏔⫯኱Ꮫ㸦DEAKIN UNIVERSITY㸧 
䬨᫂宕ゝኌ᫂୚ྠពḎ 
ޣҾ৲࣐䈳ḕ⍫ࣘⲴ䚰䈧࠭ 
ᰕᵏ˖(DD/MM/YYYY) 
亩ⴞ਽〠˖ॾ㼄઼◣བྷ࡙ӊ䶂ቁᒤڕᓧ䈳ḕ 
俆ᑝ⹄ウઈ˖ࠟ⢩•՟ᚙᯟ˄Cate Burns˅ঊ༛ 
Ӣ⡡Ⲵ਼ᆖǃᇦ䮯ⴁᣔӪˈᡁᱟࠟ⢩•՟ᚙᯟ˄Cate 
Burns˅ˈ↔ؑⲴⴞⲴᱟ䚰䈧ᛘ৲࣐൘˄6FKRROQDPHLQ''00<<<<
ᒤㅜаᆖᵏᔰኅⲴа⅑䈳ḕ⍫ࣘǄ䈕⍫ࣘᰘ൘䈳ḕ㔤ཊ࡙ӊᐎ 12 㠣 16 
኱Ⲵ䶂ቁᒤⲴڕᓧ⣦ߥˈቔަᱟቁᮠ≁᯿ԕ৺◣བྷ࡙ӊ৏տ≁ਾ㼄䶂ቁᒤǄᵜ䚰䈧࠭ሩ↔⅑䈳
ḕ⍫ࣘⲴᛵߥ䘋㹼Ҷᾲ䘠ˈᒦ䲿䱴Ҷаԭ਼᜿ҖǄᡁԜᚣ䈧ᛘԄ㓶䰵䈫ԕл޵ᇩˈԕׯߣᇊᱟ
੖৲о↔⅑⍫ࣘǄ
ǉㆰ᰾䈝䀰༠᰾Ǌ઼ǉ਼᜿ҖǊޡवᤜӄ˄6˅亥޵ᇩǄ䈧⺞䇔ᐢ᭦ࡠᴹޣ↔⅑䈳ḕ⍫ࣘⲴާ
փؑ᚟Ⲵᡰᴹ޵ᇩǄᵜ䚰䈧࠭ᰘ൘ੁᛘ઼ᛘⲴᆙᆀቭਟ㜭ޜᔰ઼᰾⺞ൠ䈤᰾↔⅑䈳ḕ⍫ࣘⲴᮤ
њ䗷〻ˈԕׯ䇙ᛘ൘␡ᙍ⟏㲁ਾቡ㠚ᐡⲴᆙᆀᱟ੖৲࣐䘉а⍫ࣘڊࠪߣᇊǄ 
ྲ᷌ᛘ⨶䀓↔⅑䈳ḕ⍫ࣘѻⴞⲴᒦ਼᜿䇙ᛘⲴᆙᆀ৲࣐ˈ䈧ㆮ㖢䲿䱴Ⲵǉ਼᜿ҖǊᒦ൘
˄RETURN PERMISSION SLIP DATE MM/DD/YYYY) 
ѻࡽሶަӔഎᆖṑǄᛘаᰖㆮ㖢䈕ǉ਼᜿ҖǊˈণ㺘⽪ᛘᐢ⨶䀓ᡰᴹؑ᚟ᒦ਼᜿䇙ᛘⲴᆙᆀ৲
࣐↔⅑䈳ḕ⍫ࣘǄ
13. ⴞⲴ઼㛼Ჟ 
ᡃẔᕼᮃ㏻彯奪ᐹ亜ከ฼Ṃᕞ㟷ᑡᖺⓗయ⫱ά≐Ỉᖹࠊయ㔜≧෫࿴ஂᆘ⾜ᷢ᮶஢ゎ௚Ẕⓗ೺ᗣ
≧෫㸪௕⪋ᤸᥱ㏆ᮇⓗ᝟෫⎀໬ࠋᡃẔᑬ඼ᕼᮃ஢ゎᙳဤඒ❺ཧ୚య⫱ά≐ⓗᩥ໬ᅉ⣲௨ཬ௚
Ẕᡤཧ୚ⓗྛ䰣ஂᆘ⾜ᷢ㸦౛ዴ㸪奪┳䓝奮ࠊ౑⏝䓝傹ࠊཧ୚ᩍ⫱ά≐࿴♫఍ά≐㸧ࠋᅾᙜୗ
ⓗ඲⌫䍗ቃ୰㸪஢ゎ㟷ᑡᖺཧ୚య⫱ά≐ⓗཎᅉ㠀ᖖ㔜せ㸪ᅉᷢᡃẔྍ௨୙᩿⇃᪂௨ᨵၿ௚Ẕ
ⓗ೺ᗣ≧෫ࠋ 
 
ዴᯝᝍ࿴ᝍⓗᏝᏊྠពཧຍṈḟ宫㞍ά≐㸪ᡃẔᕼᮃᝍⓗᏝᏊᅇ⟅୍௷⮬ᡃ㉍࿌宫㞍斖༹㸪඼
ෆᐜᾙཬ฿ᏝᏊẔཧ୚ⓗయ⫱ά≐Ỉᖹ࿴ஂᆘ⾜ᷢ㸪௨ཬ௚Ẕ孌ᷢᙳဤ඼ཧຍయ⫱ά≐᪉㠃ⓗ
ཎᅉ㸦౛ዴ㸪ἐ᭷㖞斜࿴⨃ஈ♫఍ᨭᣢࠊ㌟ᝈ⑌⑓㸧ࠋ宍斖༹宫㞍ᑗⰼ峡኱乎 20 
ศ摇㸪⏤ᏝᏊẔனୖ宦ᮇ斜ᅾ宦ᇽୖ᏶ᡂࠋ宫㞍ᡤ卟ྲྀⓗᐆ峝ಙᜥᑗ᭷ຓனᡃẔᥥ㏙⃧Ὢ⋶⿰
㟷ᑡᖺᡤཧ୚ⓗయ⫱ά≐࿴ஂᆘ⾜ᷢⓗ䰣ᆺ㸪徃⪋ᖎຓᩍ⫱ே␀ࠊᨻ⟇ไᐃ⪅ࠊ◊✲ே␀࿴ᗅ
኱♫༊஢ゎᏝᏊẔⓗ೺ᗣ≧෫ᖼ◴ᐃྍ⾜ⓗゎ෩᪉᱌ࠋ 
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DEAKIN UNIVERSITY 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
 
 
An Invitation to Participate in Research 
Date: (DD/MM/YYYY) 
Title of project: The Chinese and Australian Adolescent Health Study 
Principle researcher: Dr Cate Burns 
Dear student, parent/guardians; my name is Cate Burns and I am writing to you to invite you to 
participate in a study being conducted at ˄6FKRROQDPHLQ''00<<<<.  This study aims to 
investigate the health status of young Victorians aged 12-16 years, especially those from diverse 
ethnic backgrounds and those who are of Australian ancestry.  This letter outlines the research 
to be conducted and includes a consent form. We ask that you please read the following letter 
carefully, so you can make an informed decision about participating.   
 
This Plain Language Statement and Consent Form is six (6) pages long.  Please make sure you 
have all the pages as it contains detailed information about the research.  Its purpose is to 
explain to you and your child as openly and clearly as possible all the procedures involved in 
this research so that you can make a fully informed decision whether your child is going to 
participate.  
Once you understand what the research is about and you agree for your child to take part in it, 
please sign the Consent Form and return it to your school by (MM/DD/YYYY).By signing the 
Consent Form, you indicate that you understand the information and that you give consent for 
your child to participate in the research. 
14. Purpose and Background 
We would like to find out about the health status of Victorian adolescents by looking at their 
physical activity levels, weight status and self-reported barriers to physical activity participation 
to help us understand any changes that have occurred in recent times.  In particular, we wish to 
understand any cultural factors that influence children’s participation in physical activity and 
the types of sedentary activities (e.g. television, computer use, educational activities and social 
activities) they engage in.  In the current global climate, understanding the reasons why young 
people engage in physical activity is very important so that we can potentially make changes to 
improve their health.  
 
If you and your child agrees to be involved in this study we would like your child to complete the 
following activities:  a) A brief physical activity and sedentary behaviours questionnaire; b) have 
their height, weight and waist-hip circumference measurements taken by a trained researcher; 
and  c) Wear an physical activity monitor (accelerometer) for 7 days.  These activities are not 
harmful; however, they may produce some minor discomfort.  The information from this study 
will be invaluable and used to inform educators, policy makers, researchers and the wider 
community about the health status of our young people and how they can be best helped to 
adopt a healthy lifestyle.   
 
Activities will be conducted throughout a normal school day at your school, as to not interfere 
with possible out of school activities.   
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15. 䍴䠁ᶕⓀ 
↔⅑⍫ࣘᱟ Claudia Strugnell 
Ѫ᭫䈫ଢᆖঊ༛ᆖսᗵ享ᆼᡀⲴ⹄ウ޵ᇩⲴа䜘࠶Ǆ൘↔⍫ࣘᵏ䰤ˈClaudia 
ሶ㧧ᗇ“䘚㛟བྷᆖ⹄ウ⭏⹄ウ྆ᆖ䠁”˄Deakin University Postgraduate   Research 
Scholarship˅Ⲵޘ〻䍴ࣙǄ↔ཆˈ䘚㛟བྷᆖⲴޜޡڕᓧǃ⹄ウǃ䇴ՠ઼᭯ㆆሿ㓴ҏሩ↔⅑⍫
ࣘᨀ׋Ҷ䍴ࣙǄྲਁ⭏䍴䠁⸝㕪䰞仈ˈᡁԜ䘈Պੁཆ䜘ራ≲䍴ࣙǄ 
16. ާփ䗷〻 
ዴᯝᝍ࿴ᝍⓗᏝᏊྠពཧຍṈḟ宫㞍㸪ᡃẔᕼᮃᝍⓗᏝᏊᅾୖ宦ᮇ斜ᅇ⟅୍௷⮬ᡃ㉍࿌య⫱ά
≐宫㞍斖༹㸪ඹᅇ⟅୩ḟ㸪඼斜┦㝸୍࿘㖞斜ࠋᡃẔ孑ᏝᏊ⮡宫㞍斖༹స୩ḟᅇ⟅㸪᫝ᷢ஢◴
ᐃ1㸧斖༹宫㞍ⓗ乻ᯝ᫝ྰྍ㠁㸹2㸧୍࿘அෆཧຍయ⫱ά≐ⓗ᝟෫᫝ྰ⍹⏕⎀໬ࠋ 
 
Ꮫ⏕Ẕᑗᅾୖ宦ᮇ斜᏶ᡂ征୩ḟ斖༹ᅇ⟅㸪඼斜┦㝸୍࿘㖞斜ࠋ斖༹宫㞍୰ⓗ斖桀ᑗᾙཬᝍᏝ
Ꮚⓗ୍லᇶᮏಙᜥ㸦౛ዴ㸪ᖺ漬ࠊᛶ⇓ࠊฟ⏕ᅜࠊ∗ẕ࿴♽∗ẕࠊᒃఫᆅ恖亾㸧ࠋ྄እ㸪ᡃẔ
往ᑗᨲ㞟ᏝᏊẔᡤཧ୚ⓗయ⫱ά≐࿴ஂᆘ⾜ᷢⓗ䰣ᆺ௨ཬ௕஦征லά≐ⓗ㖞斜➼斖桀㸦౛ዴ㸪
ᅾ彯ཤⓗ 7 
ኳ୰఼᫝ྰ᭯㋍彯⌫㸽୍࿘அ୰㸪఼㋍彯ชḟ⌫㸪௨ཬ㋍஢ከ攧㖞斜㸽㸧᭱ྡྷ㸪ᡃẔᑗ⚜乽య
⫱ά≐ⓗཧ୚᝟෫㸪宊斖ᝍᏝᏊⓗ奪Ⅼ㸪༶宊斖ᝍⓗᏝᏊ⮡ẗ୍校旰㏙ⓗ崆ᡂ⛬ᗘ㸦ẚዴ㸪ᡃ
୙႐㫊య⫱ά≐㸹ᡃ᭦႐㫊┳䓝奮ᡈ⋵䓝Ꮚ​ㆷ㸧ࠋᡃẔᑗ⮡ᝍᏝᏊⓗ昸⚾ಙᜥ徃⾜ಖᐦ㸪෩
୙఍ᅾ௵ఱ㉍࿌ᡈห≀ୖ㏱㟢඼㌟௷㸦実ཧ断昸⚾ࠊಖᐦ࿴ᢨ㟢❶刪㸧ࠋ 
17. ▌൘᭸⳺ 
Ṉḟά≐఍ⷎ᮶୍ல₯ᅾᩀ┈㸪ẚዴ㸪ᡤ卟ᚓⓗᐆ峝ಙᜥྍ௨ᖎຓไᐃ孉ฯ㸪௕⪋ゎ෩宫㞍ά
≐ᡤ◴ᐃ♫༊Ꮡᅾⓗᕪ㊥ᡈ㟂ồࠋ྄እ㸪ᇶனᨲ㞟฿ⓗಙᜥ㸪ᨻᗓ㒊斐࿴ᨻ⟇ไᐃ⪅Ẕྍ௨ᅾ
ᮍ᮶᭦ዲᆅ奬ฯ࿴ᥦ౪ᏝᏊ࿴㟷ᑡᖺᡤⓗ㟂せ᭹≉ࠋ 
18. ▌൘仾䲙 
ཧຍ⮬ᡃ㉍࿌斖༹宫㞍ά≐෩୙఍ⷎ᮶௵ఱ₯ᅾ桶昑ࠊ୙Ⰻᩀ⸼࿴୙౽அ⢬ࠋዴᯝᝍⓗᏝᏊᏑ
᭷௵ఱ⾏嗹㸪⸼❧༶㏻▱◊✲ே␀㸪ᖼ༶้㏥ฟ宫㞍ά≐ࠋ㏥ฟ宫㞍ά≐෩୙఍亁ᝍⷎ᮶௵ఱ
୙Ⰻྡྷᯝࠋ 
19. 䳀⿱ǃ؍ᇶ઼ᣛ䵢 
⮡ன௵ఱ୚Ṉḟ宫㞍ά≐᭷යⓗಙᜥ㸪ዴᯝ఍㏱㟢ᝍᏝᏊⓗ㌟௷㸪ᡃẔᑗண௨ಖᐦࠋᥦ౪ⓗᡤ
᭷ಙᜥᑗྈ⏝ன宫㞍┠ⓗ㸪ᡃẔᑗ⮡ᡤᨲ㞟ⓗಙᜥண௨᷍᱁ಖᐦ㸪෩୙఍ྥ宫㞍⚊旇௨እⓗே
␀ᢨ㟢ࠋᡃẔᑗ᰿ᤣᨻᗓᨻ⟇㸪ᑗᡤ᭷ಙᜥᏑᨺᅾ㏔⫯኱ᏛⓗಖᏳ学᪋୰ࠋྠពḎᑗ୚ᡤᨲ㞟
ⓗᩘᤣศᘙᏑᨺ㸪ᡤᏑᩘᤣᑗᅾ 6 
ᖺ᭱▷ಖᏑᮇྡྷண௨撨㭩ࠋྈ᭷宫㞍⚊旇ⓗᡂ␀ᡯ⬟᥋ゐ฿征லᩘᤣ/存⻽㸪ᖼୟ䓝傹存⻽㒔
ᑗ学⨨ᐦ䞩ಖ㉌ࠋᡃẔ孉ฯ୚ᨻᗓ㒊斐࿴ᨻ⟇ไᐃ⪅ඹྠศா࿴子孢宫㞍乻ᯝ㸪ᖼᑗ宫㞍乻ᯝ
หⓏᅾྠ⾜⭉✏ⓗᮇหୖ㸪ᖼᅾ┦ය఍孖ୖබᕸ宫㞍乻ᯝࠋᅾ௵ఱห≀ࠊ旰㏙ᡈ子孢ά≐ୖᢨ
㟢Ṉ䰣ಙᜥ㖞㸪ᡃẔ෩୙఍㏱㟢ᝍᏝᏊⓗ㌟௷ࠋ 
20. 䈳ḕ㔃᷌ 
ᡃẔᑗᑵṈḟ宫㞍乻ᯝ୚ᨻᗓ㒊斐ࠊᨻ⟇ไᐃ⪅ࠊᩍ⫱ே␀࿴ᗅ኱♫༊徃⾜子孢ࠋ྄እ㸪宫㞍
乻ᯝ往᭷ᮃฟ䍘ᅾ┦ය㛪ᚿ࿴఍孖ୖⓗᩥ❶୰ࠋణ᫝㸪ᅾ௵ఱห≀ࠊ旰㏙ᡈ子孢ά≐ୖᢨ㟢ⓗ
ಙᜥ୰㸪ᡃẔ෩୙఍㏱㟢ᝍᏝᏊⓗ㌟௷ࠋ 
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21. Funding 
This study is being completed as part of the requirements for the award Doctor of Philosophy by 
Claudia Strugnell.  Claudia is supported throughout this study by a Deakin University 
Postgraduate Research Scholarship.  Additional funding is being provided by the Public Health, 
Research, Evaluation and Policy Cluster (Deakin University) and any shortfall in this funding is 
being sought externally. 
22. Procedures 
If you and your child agree to participate in the study we would like to have your child complete 
all of the following activities: 
 
a) A brief physical activity and sedentary behaviours questionnaire which will take 
approximately 20 minutes to complete.  This questionnaire will ask what types of 
physical activities and sedentary behaviours (television, computer use, video games 
etc) your child  presently engages in and how often they do these activities as well as 
their  feelings about  physical activity participation.  
b) Height, weight and waist-hip circumference measurements taken by trained 
researchers in a private and professional manner. 
c) Wear a physical activity monitor (accelerometer) for 7 days.  An accelerometer is a 
small device that is the size of a matchbox which is worn on the hip.  It is very light 
weight and comfortable and collects information about the intensity and duration of 
physical activity the child performs. 
 
To ensure your child’s dignity and wellbeing is preserved throughout this study, especially 
during height, weight and waist-hip measurements we will take extra special precautions (in 
line with the Department of Education and Early Childhood Development Victoria’s guidelines) 
when weighing and measuring students including: 
 
5. Taking height, weight and waist-hip measurements in a private area, away from peers 
to eliminate potential distress or discomfort to students. The employment of screens to 
block other students’ view may be employed if a private area in the school is not 
available. 
 
6. Having an employed teacher at the school present at all times who will oversee the data 
collection and supervise the students at all times. 
 
7. Resources such as Kids Helpline will be distributed to all students as a support 
mechanism for students should they experience any distress at having their 
measurements taken. In addition to the on-campus school welfare officer/school nurse 
employed at your school will be available. 
 
8. All measurements will be taken by trained data collectors that have undergone training 
at Deakin University regarding data collection techniques and strategies, student 
sensitivity and welfare concerns and techniques to minimise participant 
discomfort/distress. 
 
23. Possible Benefits 
Possible benefits include valuable information that will aid the development of programs that 
will address any gaps or needs of the community identified by the research. Also, by collecting 
this information, governments and policy makers will be better able to plan what services are 
needed and how they can be delivered in the future for our children and adolescents.   
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ᴹޣ↔⅑⍫ࣘⲴ䚃ᗧһ亩ᐢ㧧ᗇ䘚㛟བྷᆖӪ㊫⹄ウ䚃ᗧငઈՊ઼㔤ཊ࡙ӊᐎᮉ㛢оㄕᒤਁኅ䜘
Ⲵᢩ߶Ǆ 
26. ᣅ䇹ᯩᔿ 
ྲ᷌ᛘሩ↔⅑䈳ḕ⍫ࣘⲴԫօᯩ䶒ᡆަᔰኅᯩᔿᴹԫօн┑ˈᡆሩ㠚ᐡ֌Ѫ৲о㘵Ⲵᵳ࡙ᆈᴹ
ԫօ⯁䰞ˈ䈧㚄㌫˖ 
Secretary HEAG-H, Dean’s Office, Faculty of Health, Medicine, Nursing and Behavioural Sciences, 
221 Burwood Hwy, Burwood, Vic 3125, Telephone: (03) 9251 7174, Email hmnbs-
research@deakin.edu.au 
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 29. Possible Risks 
Possible risks, side effects and discomforts include emotional distress.  Should any distress be 
experienced at any time during the height, weight or waist-hip ratio measurements your child 
should stop the activity and alert the researcher immediately.  At any time your child wishes to 
stop involvement in the research they are free to do so without consequence.  Should your child 
experience distress  after these activities have been completed, please contact Kids Helpline on 
1800 551 800.  This is a free, confidential and anonymous counselling service for young people 
who will assist your child with any troubles.  Information regarding this service will also be 
distributed to them during the activities in school.  
 
30. Privacy, Confidentiality and Disclosure of Information 
Any information obtained in connection with this research that can identify your child will 
remain confidential.  All information provided will be used for the research purposes only, it 
will be collected and kept in confidence and will not be released to anyone outside the study 
team.  It will be kept in locked facilities at Deakin University in accordance with the government 
guidelines.  Consent forms will be stored separately to the data collected and data will be 
disposed of after a minimum period of 6 years.  Only members of the study team will have 
access to the data/records and the computer records will be password protected. We plan to 
share and discuss the results with government departments, policy makers and publish the 
results in peer-reviewed journals and present the findings at relevant conferences. In any 
publication, presentation or discussion the information will be provided in such a way that your 
child cannot be identified. 
31. Results of research 
The results from this research will be discussed with government departments, policy 
makers, educators and the wider community.  In addition, publications in relevant 
journals and conferences are anticipated , however,, in any publication, presentation or 
discussion the information will be provided in such a way that your child cannot be 
identified.   
32. Participation is Voluntary 
Participation in this research is voluntary. If you and/or your child do not wish to take part you 
are not obliged to. If you decide to take part and later change your mind, you are free to 
withdraw from the research at any stage until the data is processed. Any information obtained 
to date will not be used and will be destroyed. Your decision whether to take part or not to take 
part, or to take part and then withdraw, will not affect your relationship with Deakin University 
or any other government departments such as Centrelink. 
Before you make your decision, a member of the research team will be available to answer any 
questions you have about the research. You can ask for any information you want.  Please sign 
the Consent Form only after you have had a chance to ask your questions and have received 
satisfactory answers. 
If you decide to withdraw from this research, please notify a member of the research team or 
complete and return the Revocation of Consent Form attached.  
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33. Ethical Guidelines 
This research will be carried out according to the National Statement on Ethical Conduct in 
Human Research (2007) produced by the National Health and Medical Research Council of 
Australia. This statement has been developed to protect the interests of people who agree to 
participate in human research studies. 
The ethics aspects of this research have been approved by the Human Research Ethics 
Committee of Deakin University and The Department of Education and Early Childhood 
Development Victoria.  
34. Complaints 
If you have any complaints about any aspect of the research, the way it is being conducted or 
any questions about your rights as a participant, then you may contact:   
Secretary HEAG-H, Dean’s Office, Faculty of Health, Medicine, Nursing and Behavioural Sciences, 
221 Burwood Hwy, Burwood, Vic 3125, Telephone: (03) 9251 7174, Email hmnbs-
research@deakin.edu.au 
Please quote research number EC [1_09] -2009. 
35. Reimbursement for your costs 
You will not be paid for your participation in this research.  However, you will receive a small 
information pack and certificate for participating in this research, including a small piece of 
sporting equipment.  
36. Further Information, Queries or Any Problems 
If you require further information, wish to withdraw your participation or if you have any 
problems concerning this research, you can contact Dr Cate Burns, from the School of School of 
Exercise and Nutrition Sciences, Deakin University on 03 9251 7273 or cate.burns@deakin.edu.au  
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㏔⫯኱Ꮫ 
䬨᫂宕ゝኌ᫂୚ྠពḎ 
 
㠤˖ᆖ⭏ǃᇦ䮯/ⴁᣔӪ 
਼᜿Җ- ᇦ䮯 
ᰕᵏ˖(DD/MM/YYYY) 
校䚖⎵䦘㸸⋶⿰࿴⃧ ኱฼Ṃ曺⮹⸜‍⹟宫㞍 
 
ᡁ֌ѪBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB˄ᆙᆀⲴဃ਽˅Ⲵᇦ䮯ⴁᣔӪˈᐢ㓿䰵䈫ᒦ⨶
䀓Ҷ䲿䱴Ⲵǉㆰ᰾䈝䀰༠᰾ǊǄ
ᡁ㠚ᝯ਼᜿ᡁⲴᆙᆀ᤹➗ǉㆰ᰾䈝䀰༠᰾ǊѝⲴᶑⅮ৲о↔⅑䈳ḕ⍫ࣘǄ
ᡁᐢ㧧ᗇᒦ⮉ᆈҶǉㆰ᰾䈝䀰༠᰾Ǌ઼ǉ਼᜿ҖǊⲴ࢟ᵜǄ 
⹄ウӪઈᐢ਼᜿ˈ൘ԫօᛵߥлˈवᤜԕԫօޜᔰᯩᔿࠪ⡸ᡆޜᐳ↔⅑䈳ḕ⍫ࣘⲴ⴨ޣؑ᚟ᰦ
ˈߣн䘿䵢ᡁᆙᆀⲴԫօ䓛ԭ઼њӪؑ᚟Ǆ 
 
ᇦ䮯/ⴁᣔӪဃ਽˄↓փ˅…………………………………………………………………… 
ㆮ਽……………………………………………………… ᰕᵏ………………………… 
 
ᡁ˄ᆖ⭏/৲о㘵˅ᱟ__________________________________˄ဃ਽˅ˈᐢ㓿䰵䈫ᒦ⨶䀓
Ҷ䲿䱴Ⲵǉㆰ᰾䈝䀰༠᰾ǊǄ 
ᡁ㠚ᝯ਼᜿᤹➗ǉㆰ᰾䈝䀰༠᰾ǊѝⲴᶑⅮ৲о↔⅑䈳ḕ⍫ࣘǄ 
ᡁᐢ㧧ᗇᒦ⮉ᆈҶǉㆰ᰾䈝䀰༠᰾Ǌ઼ǉ਼᜿ҖǊⲴ࢟ᵜǄ 
⹄ウӪઈᐢ਼᜿ˈ൘ԫօᛵߥлˈवᤜԕԫօޜᔰᯩᔿࠪ⡸ᡆޜᐳ↔⅑䈳ḕ⍫ࣘⲴ⴨ޣؑ᚟ᰦ
ˈߣн䘿䵢ᡁⲴԫօ䓛ԭ઼њӪؑ᚟Ǆ 
 
ᆖ⭏/৲о㘵ဃ਽˄↓փ˅…………………………………………………………………… 
 
ㆮ਽……………………………………………………… ᰕᵏ………………………… 
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DEAKIN UNIVERSITY 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO: Student, parent/guardian 
 
Consent Form-parents 
Date: (DD/MM/YYYY) 
Full Title: The Chinese and Australian Adolescent Health Study 
 
I (parent/guardian) of _________________________________ (child’s name) have read and understood 
the attached Plain Language Statement. 
I freely agree for my child to participate in this research according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to keep.  
The researcher has agreed not to reveal any identity and personal details that relate to my child, 
including where information about this research is published, or presented in any public form.   
 
Parent/Guardian Name (printed) ………………………………………………………………………….. 
 
Signature ……………………………………………………… Date  ………………………… 
 
I (student/participant) _________________________________ (name) have read and understood the 
attached Plain Language Statement. 
I freely agree for myself to participate in this research according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to keep.  
The researcher has agreed not to reveal any identity and personal details that relate to myself, 
including where information about this research is published, or presented in any public form.   
 
Student/Participant name (printed) …………………………………………………………………… 
 
Signature ……………………………………………………… Date  ………………………… 
 
 
 
 - 331 - 
䘚㛟བྷᆖ 
䬨᫂宕ゝኌ᫂୚ྠពḎ 
 
TO:  
Dr Cate Burns 
School of Exercise and Nutrition Sciences 
Faculty of Health, Medicine, Nursing & Behavioural Sciences 
Deakin University 
221 Burwood Highway 
Burwood 3125 
                                                                  
 
᫔䬰਼᜿Җ - ᇦ䮯 
㸦㏧⏝னᕼᮃ㏥ฟ宫㞍ά≐ⓗཧ୚⪅㸧 
ᰕᵏ˖ 
校䚖⎵䦘㸸⋶塼␴㽛⣏⇑Ṃ曺⮹⸜‍⹟宫㞍 
 
 
ᡃ≉Ṉᕼᮃ᧔撨ᡃ/ᏝᏊ⮡னཧ୚ୖ㏙宫㞍ά≐ⓗྠពព奩㸪ᖼୟ⌮ゎ᧔撨ྠព୙఍ᙳဤᡃ୚
㏔⫯኱Ꮫ௨ཬ඼௚௵ఱᨻᗓ㒊斐அ斜ⓗය⣔ࠋ 
 
 
ཧ୚⪅ጣྡ㸦ṇయ㸧…………………………………………………………………… 
 
 
䬦ྡ………………………………………………………  
᪥ᮇ………………………… 
 
 
 
Please mail or post this form to: 
 
Dr Cate Burns 
School of Exercise and Nutrition Sciences 
Faculty of Health, Medicine, Nursing & Behavioural Sciences 
Deakin University 
221 Burwood Highway 
Burwood 3125 
Tel: + 61 3 9251 7273 
Email: cate.burns@deakin.edu.au  
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DEAKIN UNIVERSITY 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  
Dr Cate Burns 
School of Exercise and Nutrition Sciences 
Faculty of Health, Medicine, Nursing & Behavioural Sciences 
Deakin University 
221 Burwood Highway 
Burwood 3125 
                                                                  
 
Revocation of Consent Form-Parents 
(To be used for participants who wish to withdraw from the research) 
Date: 
Full Title: The Chinese and Australian Adolescent Health Study 
 
 
I hereby wish to WITHDRAW my consent/child’s consent to participate in the above research 
and understand that such withdrawal WILL NOT jeopardise my relationship with Deakin 
University and any other government departments 
 
 
Participant’s Name (printed) ……………………………………………………. 
 
 
Signature ………………………………………………………………. Date …………………… 
 
 
 
Please mail or post this form to: 
 
Dr Cate Burns 
School of Exercise and Nutrition Sciences 
Faculty of Health, Medicine, Nursing & Behavioural Sciences 
Deakin University 
221 Burwood Highway 
Burwood 3125 
Tel: + 61 3 9251 7273 
Email: cate.burns@deakin.edu.au  
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Appendix 10. The CAAHS training manual 
Relevant sections of the CAAHS training manual are provided in Appendix 10. This 
manual was provided to volunteer data collectors and used throughout their training, 
which was given by the Candidate.  The omitted sections included a brief 
introduction to the CAAHS study, a copy of the plain language statement and 
consent form and a copy of the CAPANS-PA and CAPANS-BA which are all 
available in this appendix series. 
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Appendix 11.  Example procedure for examining the distribution and 
normalisation of key variables 
Appendix 11.outlines the examination of the distribution of key variables any 
adjustments made. It uses the example of average time spent in MVPA (mins.d-1) 
which is derived from accelerometry recordings.  Figure A.3 contains the unadjusted 
histogram where it is evident that the data is not normally distributed, this was also 
checked using the sktest command in STATA to confirm a significant difference in 
kurtosis and/or skewness.  Figure A.4 contains the images observed using the 
gladder function in STATA where all possible transformations are given.  Using the 
results from Figure A.4 it is apparent that the square root transformation was most 
appropriate, which was subsequently applied to normalise this variable. 
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Figure A. 3 Unadjusted histogram of average MVPA (mins.d-1) duration 
 
 
Figure A.4 All possible log transformations for average MVPA (mins.d-1) 
duration 
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Appendix 12. Adjusted regression analyses of daily time (mins.d-1) 
spent in physical activity and sedentary 
 
Table A.4 provides the transformed regression analyses of daily time (Mon-Sun) 
spent in objectively measured MVPA, light-intensity physical activity and sedentary 
time and associations with ethnicity, gender, age and SES category
 Table A.4 Adjusted regression analyses examining ethnic differences in daily# (mins.d-1) participation (β + 95% CI) 
 Sedentary Light Moderate Vigorous MVPA 
Step 1. (R2 = 0.06) (R2 = 0.28) (R2 = 0.01) (R2 = 0.02) (R2 = 0.01) 
Ethnicity      
Anglo-Australian REF REF REF REF REF 
Chinese-Australian 38328.7 ** (20349.99; 56307.42) -2.0 *** (-2.84; -1.22) -0.2 (-0.56; 0.23) 0.0 (-0.10; 0.14) -0.2 (-0.57; 0.21) 
South-East Asian 30979.5 ** (16017.47; 45941.53) -1.7 *** (-2.62; -0.79) -0.3 (-0.98; 0.36) -0.2** (-0.27; 0.05) -0.3 (-1.02; 0.34) 
Step 2.       
Ethnicity (R2 = 0.12) (R2 = 0.28) (R2 = 0.15) (R2 = 0.03) (R2 = 0.15) 
Anglo-Australian REF REF REF REF REF 
Chinese-Australian 39556.0 *** (21458.75; 57653.27) -2.0 *** (-2.83; -1.24) -0.2 (-0.57; 0.15) 0.0 (-0.11; 0.13) -0.2 (-0.58; 0.14) 
South-East Asian 33484.3 *** (21962.53; 45006.15) -1.7 ** (-2.63; -0.81) -0.4 (-0.89; 0.10) -0.17** (-0.27; -0.07) -0.4 (-0.93; 0.08) 
Gender      
Boys REF REF REF REF REF 
Girls 34872.1 ** (18103.46; 51640.74) -0.2 (-0.75; 0.36) -1.1 *** (-1.46; -0.77) -0.1* (-0.24; -0.00) -1.1*** (-1.48; -0.76) 
Step 3.       
Ethnicity (R2 = 0.15) (R2 = 0.30) (R2 = 0.27) (R2 = 0.16) (R2 = 0.28) 
Anglo-Australian REF REF REF REF REF 
Chinese-Australian 44496.3** (22711.00; 66281.61) -2.1 *** (-2.94; -1.29) -0.4 (-0.87; 0.04) -0.1 (-0.23; 0.11) -0.4  (-0.90; -0.02) 
Other- Asian 42086.1*** (23362.37; 60809.91) -1.9 ** (-2.95; -0.77) -0.8 ** (-1.20; -0.22) -0.29 *** (-0.41; -0.18) -0.8  ** (-1.35; -0.26) 
Gender      
Boys REF REF REF REF REF 
Girls 34806.0 ** (17071.7; 52540.34) -0.2 (-0.76; 0.38) -1.1 *** (-1.49; -0.74) -0.1 (-0.24; 0.01) -1.1*** (-1.51; -0.72) 
Age (years) 10464.1  (-929.14; 21857.40) -0.17 (-0.38; 0.05) -0.4 *** (-0.57; -0.32) -0.2 *** (-0.19; -0.11) -0.5 *** (-0.59; -0.34) 
Table A.4 Continued over page 
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Table A.4 continued 
Step 4. Sedentary Light Moderate Vigorous MVPA 
Ethnicity (R2 = 0.15) (R2 = 0.31) (R2 = 0.28) (R2 = 0.16) (R2 = 0.28) 
Anglo-Australian REF REF REF REF REF 
Chinese-Australian 44456.4 ** (22095.35; 66817.5) -2.1 *** (-2.85; -1.33) -0.4 (-0.82; 0.01) -0.1 (-0.24; 0.11) -0.4*  (-0.86; -0.00) 
South-East Asian 41899.9 ** (21179.8; 62620.00) -1.8 ** (-2.76; -0.76) -0.7 ** (-1.27; -0.14) -0.3 *** (-0.43; -0.18) -0.8 * (-1.32; -0.18) 
Gender      
Boys REF REF REF REF REF 
Girls 34830.0 ** (16791.98; 52867.95) -0.2 (-0.75; 0.34) -1.12 *** (-1.51; -0.73) -0.1 (-0.24; 0.00) -1.1*** (-1.53; -0.72) 
Age (years) 10475.0 (-903.32; 21853.30) -0.2 (-0.39; 0.04) -0.5 *** (-0.57; -0.32) -0.15 *** (-0.19; -0.11) -0.5 *** (-0.59; -0.34) 
SES      
High SES REF REF REF REF REF 
Low SES 717.2 (-17805.58; 19240.04) -0.4 (-0.86; 0.11) -0.2 (-0.55; 0.13) 0.1 (-0.07; 0.17) -0.2 (-0.53; 0.15) 
# = Based on 3-days of monitoring (including 1 weekend day); * = significant p<0.05; ** = significant p<0.01; *** = significant p<0.001; Low SES = IRSD ≤999; High SES = IRSD 
≥ 1000; β = beta coefficient and CI = 95% confidence interval; and all analyses are adjusted for school-level clustering.
Appendix 13.  Adjusted regression analyses examining ethnic 
differences in BMI and WC 
 
Table A.5 provides the adjusted multiple hierarchical regression analyses examining 
the influence of ethnicity, gender, age and SES category on BMI and waist 
circumference whilst accounting for school-level clustering. 
 
Table A.5 Adjusted regression analyses examining ethnic differences in BMI 
and WC (β + 95% CI) 
 BMI⌂  Waist circumference 
Step 1. (R2 = 0.01) (R2 = 0.03) 
Ethnicity   
Anglo-Australian REF REF 
Chinese- Australian 0.0000976 (-0.0000928; 0.000288) 0.000015 (-0.000004; 0.000034) 
South-East Asian 0.0001359 (-0.0000636; 0.0003353) 0.000016  (-0.000004; 0.000036) 
Step 2.    
Ethnicity (R2 = 0.02) (R2 = 0.04) 
Anglo-Australian REF REF 
Chinese-Australian 0.0000907 (-0.0001097; 0.0002912) 0.0000015 (-0.000003; 0.000034) 
South-East Asian 0.0001267 (-0.0000801; 0.0003335) 0.000017  (-0.000004; 0.000037) 
Gender   
Boys REF REF 
Girls -0.0001214 (-0.0003345; 0.0000916) 0.000009 (-0.000004; 0.000021) 
Step 3.    
Ethnicity (R2= 0.06) (R2 = 0.09) 
Anglo-Australian REF REF 
Chinese-Australian 0.0000534 (-0.0001246; 0.0002313) 0.000013  (0.000004; 0.00003) 
South-East Asian 0.000059 (-0.0001141; 0.0002321) 0.00012 (-0.000006; 0.000030) 
Gender   
Boys REF REF 
Girls -0.0001368 (-0.0003384; 0.0000648) 0.000008 (-0.000004; 0.000020) 
Age -0.0001275*  (-0.000189; -0.0000659) -0.000009 *** (-0.000011; -0.000006) 
Step 4.   
Ethnicity (R2= 0.06) (R2= 0.09) 
Anglo-Australian REF REF 
Chinese-Australian 0.0000547 (-0.0001229; 0.0002323) 0.000013  (0.000004; 0.0000296) 
South-East Asian 0.0000656 (-0.0001097; 0.0002409) 0.000012 (-0.000005; 0.000029) 
Gender   
Boys REF REF 
Girls -0.0001365 (-0.0003389; 0.0000659) 0.000008 (-0.000005; 0.000020) 
Age -0.0001277*** (-0.000190; -0.000066) -0.000009 *** (-0.000011; -0.000006) 
              SES   
High SES REF REF 
Low SES -0.000023 (-0.0001661; 0.000121) 0.0000004 (-0.000010; 0.000010)  
  ⌂ = Body Mass Index (BMI) and was derived from the equation (kg/m2); * = significant p<0.05; ** = 
significant p<0.01; *** = significant p<0.001; Low SES = IRSD ≤999; High SES = IRSD ≥ 1000;  β 
= beta coefficient and CI = 95% confidence interval. 
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Appendix 14. Adjusted examination of BMI, physical activity and 
sedentary time by ethnicity 
 
 
Table A.6 present the adjusted multiple hierarchical regression analyses of the 
relationship between BMI and objectively measured physical activity.  Whilst Table 
A.7 provides the same analyses but for waist circumference.
Table A.6  Adjusted regression analyses between physical activity, sedentary time and BMI by ethnic group (β + 95% CI) 
 Anglo-Australian 
BMI⌂ 
Chinese-Australian 
BMI⌂ 
South-East Asian 
BMI⌂ 
Step 1. (R2 = 0.00) (R2 = 0.01) (R2 = 0.04) 
Sedentary time 0.00000000001 (-0.000000004; 0.000000005) -0.0000000009 (-0.000000001; 0.000000003) -0.000000002 (-0.000000003; 0.0000000004) 
Step 2. (R2 = 0.03; ∆R2 = 0.03) (R2 = 0.03; ∆R2 = 0.02) (R2 = 0.05; ∆R2 = 0.01) 
Sedentary time 0.0000000005 (-0.000000004; 0.000000005)  0.000000001 (-0.000000001; 0.000000003) -0.000000001 (-0.000000003; 0.0000000007) 
MVPA 0.0000666 (-0.00000957; 0.0001427) 0.0000729 (-0.0000805; 0.0002262) -0.0000368 (-0.000138; 0.0002116) 
Step 3.    
 (R2 = 0.04; ∆R2 = 0.01) (R2 = 0.09; ∆R2 = 0.06) (R2 = 0.07; ∆R2 = 0.02) 
Sedentary time 0.0000000009 (-0.000000004, 0.0000000006) 0.0000000099 (-0.000000001; 0.000000003) -0.000000001 (-0.000000003; 0.000000001) 
MVPA 0.000062 (-0.0000315; 0.0001555) 0.0001042 (-0.000041; 0.0002494) 0.0000463 (-0.0001102; 0.00002028) 
Light 0.000058* (0.000024; 0.000092) -0.0001127 ** (-0.0001881; -0.0000374) -0.0000525 (-0.0001765; 0.0000715) 
Step 4. (R2 = 0.09; ∆R2 = 0.05) (R2 = 0.10; ∆R2 = 0.01) (R2 = 0.12; ∆R2 = 0.06) 
Sedentary time 0.000000001 (-0.000000003; 0.000000006) 0.0000000009 (-0.000000002; 0.000000003) -0.000000001 (-0.000000003; 0.0000000004) 
MVPA 0.0000303 (-0.0000681; 0.0001287) 0.0001138 (-0.00002378; 0.0002513) -0.000005(-0.0002031; 0.0001935) 
Light 0.0000637 (-0.0000281; 0.0000993) -0.0001076* (-0.0001856; -0.0000296) -0.0000278 (-0.0001206; 0.0000651) 
Boys REF REF REF 
Girls -0.0003579 * (-0.000483; -0.0002327) 0.0000956 (-0.0003668; 0.000558) -0.00031 (-0.0008464; 0.0002264) 
Step 5.    
 (R2 = 0.11; ∆R2 = 0.03) chose  (R2 = 0.27; ∆R2 = 0.17) (R2 = 0.12; ∆R2 = 0.00) 
Sedentary time 0.000000001 (-0.000000004; 0.000000008) 0.000000001 (-0.0000000006; 0.000000003) -0.0000000001 (-0.000000003; 0.0000000005) 
MVPA 0.00000199 (-0.0001176; 0.0001216) 0.000077 (-0.0000576; 0.0002116) -0.0000078 (-0.0002056; 0.0001901) 
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Light 0.0000651* (0.0000216; 0.0001086) -0.0001222* (-0.0002357; -0.00000863) -0.0000291 (-0.0001146; 0.0000564) 
Boys REF REF REF 
Girls -0.003816** (-0.00005354; -0.0002278) -0.0000571 (-0.0005055; 0.0003913) -0.0003121 (-0.0008516; 0.0002273) 
Age -0.0000744 (-0.0002087; 0.0000599) -0.0002369*** (-0.0003134; -0.0001605) -0.0000109 (-0.0001264; 0.0001047) 
Step 6.    
 (R2 = 0.12; ∆R2 = 0.01) (R2 = 0.27; ∆R2 = 0.00) (R2 = 0.21; ∆R2 = 0.09) 
Sedentary time 0.000000001 (-0.000000005; 0.000000008) 0.000000001 (-0.0000000006; 0.000000003) -0.000000001 (-0.000000003; 0.000000001) 
MVPA 0.00000911 (-0.0001068; 0.000125) 0.0000757 (-0.0000616; 0.0002131) 0.0000109 (-0.0001668; 0.0001887) 
Light 0.0000755* (0.0000042; 0.0001469) -0.0001224** (-0.0002383; -0.0000066) -0.0000536 (-0.0001662; 0000589) 
Boys REF REF REF 
Girls -0.0003524** (-0.0004393;-0.000266) -0.00005999 (-0.0005271; 0.0004073) -0.0002443 (-0.0007543; 0.0002657) 
Age -0.0000711 (-0.000193; 0.0000508) -0.0002382*** (-0.0003011; -0.0001754) -0.0000235 (-0.0000979; 0.0000509) 
High SES REF REF REF 
Low SES 0.0002174 (-0.0002653; 0.0007) -0.0000286 (-0.0003837; 0.0003266) -0.0003651* (-0.0006705; -0.0000229) 
⌂ = Body Mass Index (BMI)  measured in kg/m2; * = significant p<0.05; and ** = significant p<0.01; Low SES = IRSD ≤999; High SES = IRSD ≥ 1000;  β = beta coefficient and CI 
= 95% confidence interval.  
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Table A.7 Adjusted regression analyses between physical activity, sedentary time and waist circumference by ethnic group (β + 95% CI) 
 Anglo-Australian 
WC⌂ 
Chinese-Australian 
WC⌂ 
South-East Asian 
WC⌂ 
Step 1. (R2 = 0.01) (R2 = 0.03) (R2 = 0.00) 
Sedentary time 0.00000000008 (-0.00000000006; 0.0000000002) -0.0000000001 (-0.000000000; 0.0000000003) 0.00000000001 (-0.00000000006; 0.0000000001) 
Step 2. (R2 = 0.03; ∆R2 = 0.02) (R2 = 0.04; ∆R2 = 0.01) (R2 = 0.00; ∆R2 = 0.00) 
Sedentary time 0.00000000009 (-0.00000000001; 0.0000000002) 0.0000000001 (-0.00000000001; 0.0000000003) 0.00000000001 (-0.0000000001; 0.0000000002) 
MVPA 0.00000286 (-0.00000860; 0.0000143) -0.00000184 (-0.000011; 0.00000731) -0.000000006 (-0.0000116; 0.0000116) 
Step 3.    
 (R2 = 0.04; ∆R2 = 0.01) (R2 = 0.10; ∆R2 = 0.06) (R2 = 0.04; ∆R2 = 0.04) 
Sedentary time 0.0000000001 (-0.00000000001; 0.00000000003) 0.0000000001* (0.00000000001; 0.0000000002) 0.00000000001 (-0.0000000001; 0.0000000001) 
MVPA 0.00000263 (-0.00000987; 0.0000151) 0.00000119 (-0.00000736; 0.00000974) 0.000000822 (-0.00000936; 0.0000011) 
Light 0.00000291 (-0.000000181; 0.000000563) -0.0000109*** (-0.000015; -0.00000684) -0.0000046 (-0.00000960; 0.00000045) 
Step 4. (R2 = 0.06; ∆R2 = 0.02) (R2 = 0.11; ∆R2 = 0.1) (R2 = 0.04; ∆R2 = 0.00) 
Sedentary time 0.0000000001* (0.000000001; 0.0000000002) 0.00000000009 (-0.00000000002; 0.0000000002) 0.00000000002 (-0.0000000001; 0.0000000001) 
MVPA 0.00000148 (-0.0000105; 0.0000135) 0.00000274 (-0.00000579; 0.0000113) 0.00000078 (-0.0000126; 0.0000121) 
Light 0.00000311* (-0.000000117; -0.00000506) -0.0000101*** (-0.0000143; -0.00000589) -0.00000456 (-0.0000096; 0.00000046) 
Boys REF REF REF 
Girls -0.000013 (-0.0000251; 0.000000877) 0.0000153 (-0.0000101; 0.0000408) -0.000000235 (-0.0000359; 0.0000354) 
Step 5.    
 (R2 = 0.08; ∆R2 = 0.02) (R2 = 0.14; ∆R2 = 0.04) (R2 = 0.04; ∆R2 = 0.00) 
Sedentary time 0.0000000002* (0.00000000002; 0000000003) 0.0000000001* (0.00000000001; 0.0000000002) 0.00000000002 (-0.00000000001; 0.0000000001) 
MVPA -0.0000009 (-0.00000910; 0.000000732) 0.000000293 (-0.00000770; 0.00000829) 0.000000084 (-0.0000118; 0.0000119) 
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Light 0.00000323 * (0.0000004; 0.00000604) -0.000011** (-0.0000172; -0.0000049) -0.00000487* (-0.0000097; -0.00000009) 
Boys REF REF REF 
Girls -0.000015 * (-0.0000272; -0.0000028) 0.00000522 (-0.0000185; 0.0000289) -0.00000073 (-0.0000356; 0.0000342) 
Age -0.0000062 * (-0.0000119; -0.00000053) -0.0000157** (-0.0000227; -0.00000876) -0.0000026 (-0.00000909; 0.00000398) 
Step 6.    
 (R2 = 0.09; ∆R2 = 0.01) (R2 = 0.14; ∆R2 = 0.00) (R2 = 0.09; ∆R2 = 0.05) 
Sedentary time 0.0000000002* (0.00000000001; 0.0000000003) 0.0000000001* (0.00000000001; 0.0000000002) 0.00000000001 (-0.0000000001; 0.00000000001) 
MVPA -0.0000005 (-0.00000787; 0.000000683) 0.000000224 (-0.00000809; 0.00000853) 0.000000943 (-0.0000116; 0.0000135) 
Light 0.00000378 (-0.0000005; 0.00000809) -0.000011 ** (-0.0000173; -0.000005) -0.00000600 (-0.0000125; 0.00000046) 
Boys REF REF REF 
Girls -0.0000135(-0.0000292; 0.00000230) -0.00000507 (-0.0000204; 0.0000305) 0.00000238 (-0.000034; 0.0000388) 
Age -0.0000061 (-0.0000124; 0.000000284) -0.0000158*** (-0.0000223; -0.0000093) -0.00000314 (-0.0000103; 0.00000405) 
High SES REF REF REF 
Low SES 0.0000114 (-0.0000337; 0.0000565) -0.00000157 (-0.0000269; 0.0000238) -0.0000168 (-0.0000438; 0.0000102) 
⌂ = Body Mass Index (BMI)  measured in kg/m2; * = significant p<0.05; ** = significant p<0.01; Low SES = IRSD ≤999; High SES = IRSD ≥ 1000;  β = beta coefficient and CI = 
95% confidence interval.  
Appendix 15. Ethnic differences in mean responses to the 37 
psychological and social statements relating to physical activity 
participation 
 
Table A.8 presents the mean values and significant differences using one-way 
ANOVA’s with Bonferroni post-hoc test to examine ethnic differences in mean 
responses.  The examination of the mean was conducted after examination of the 
median revealed a significant difference was evident on a particular item but it was 
not clear in which direction.  Therefore, examination of the mean was conducted to 
investigate the direction of difference. 
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Table A 8  Ethnic differences in responses to the 37 psychological and social 
statements relating to physical activity participation 
Item Anglo- 
Australian  
(N = 110)  
Chinese-
Australian  
(N = 100) 
South-East 
Asian 
(N = 76) 
Psychological    
Perceived barriers    
I don’t have enough time for PA 3.9 (0.9) 3.4 (1.2) Φ  3.7 (1.0) 
Others laugh at me when I am PA 4.2 (1.0) 4.6 (0.7) Φ 4.5 (0.9) 
I don’t have proper equipment to play sport 4.5 (0.7) 4.6 (0.7) 4.5 (0.7) 
I have a health problem that prevents me being 
PA 
4.4 (1.0) 4.7 (0.8) 4.3 (1.0) Ώ 
I have an injury that prevents me being PA 4.3 (1.0) 4.5 (0.9) 4.4 (0.9) 
I am scared that I might get hurt if I played a 
sport 
4.3 (1.0) 4.3 (1.0) 4.2 (1.0) 
There are no parks/sporting grounds 4.3 (1.0) 4.4 (0.9) 4.3 (1.0) 
Self-efficacy    
I don’t think I am very good at PA 3.6 (1.2) 3.5 (1.2) 3.5 (1.2) 
Preference    
I prefer to watch TV or play electronic games 3.4 (1.2) 3.1 (1.2) 3.0 (1.2)+ 
I don’t like physical activity 4.2 (1.0) 4.3 (1.1) 4.4 (1.0) 
Personal benefits    
Keep me healthy 4.7 (0.5) 4.7 (0.5) 4.7 (0.5) 
Improve my appearance 4.0 (0.9) 4.1 (0.9) 4.1 (0.8) 
Make me feel good about myself 4.1 (0.9) 4.2 (0.9) 4.3 (0.7) 
Make or keep me fit 4.5 (0.6) 4.5 (0.6) 4.7 (0.5) 
Help me lose weight or help me control my 
weight 
3.9 (1.0) 4.0 (1.0) 4.1 (0.9) 
Let me have a lot of fun 4.2 (0.9) 4.3 (0.8) 4.4 (0.8) 
Positive outcome expectation    
Make my parents/carers happy 3.8 (0.9) 3.6 (0.9) 3.6 (0.9) 
Help me spend time with my friends 3.5 (1.0) 3.7 (1.0) 3.9 (0.9) + 
Help me make new friends 3.6 (1.0) 3.8 (1.1) 3.9 (1.0) 
Help me study and learn better 3.8 (1.0) 4.0 (1.0) 2.4 (1.1) 
Negative outcome expectation    
Prevent me doing other things I like more 3.1 (1.2) 3.1 (1.2) 3.3 (1.2) 
Prevent me from doing homework/study 2.9 (1.0) 3.2 (1.2) 3.2 (1.3) 
Social    
 Support (parent)    
Mum doesn’t encourage me to be PA 4.3 (1.0) 4.1 (1.2) 3.8 (1.2) + 
Dad doesn’t encourage me to be PA 4.2 (1.0) 4.0 (1.1) 4.1 (1.0) 
Mum doesn’t help me be physically active 4.2 (1.0) 3.7 (1.2) Φ 3.9 (1.2) 
Dad doesn’t help me be physically active 4.1 (1.0) 3.8 (1.1) 4.0 (1.1) 
Support     
None of my friends want to do more exercise or 
activity with me 
3.7 (1.1) 4.1 (1.0) Φ 4.3 (0.9) + 
I don't have anyone to be PA with 3.6 (1.2) 3.5 (1.2) 3.7 (1.3) 
Parental co-participation    
Mum isn’t  physically active with me 3.2 (1.2) 2.9 (1.2) 2.8 (1.1) 
Dad isn’t physically active with me 3.3 (1.1) 3.2 (1.2) 3.2 (1.1) 
Table A.8 is continued on the next page 
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Table A.8 Continued 
Item Anglo- 
Australian  
(N = 110)  
Chinese-
Australian  
(N = 100) 
South-East 
Asian 
(N = 76) 
Parental education preference    
Mum thinks education is more important 3.0 (0.9) 2.3 (1.0) Φ 2.0 (0.9) + 
Dad thinks education is more important 3.1 (1.0) 2.3 (1.1) Φ 2.1 (0.9) + 
One-way ANOVA with Bonferroni post-hoc test were used to examine were used to compare mean 
differences between Anglo-Australian, Chinese-Australian and South-East Asian adolescents, Φ = 
Chinese-Australian adolescents differ significantly from Anglo-Australian; Ώ = South-East Asian 
adolescents significantly different from Chinese-Australian adolescents; and + =  South-East Asian 
adolescents significantly different from Anglo-Australian (P<0.05).  
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Appendix 16. Adjusted regression analyses of the association between 
potential psychological and social influences on physical activity and 
objectively measured participation 
 
Table A.9 to A.11 displays the adjusted multiple hierarchical regression analyses of 
the relationship between objectively measured participation (sedentary time, light-
intensity physical activity and MVPA) and the eight psychosocial and social factors 
from the CAPANS-BA questionnaire.  These regression analyses were conducted for 
each ethnic group and for each intensity of activity and are controlled for clustering 
at the school-level. 
 
Table A.9  Ethnic differences in the relationship between potential correlates of daily# sedentary time (adjusted model) (β + 95% CI) 
 Anglo- Australian 
Sedentary mins.d1 
Chinese-Australian 
Sedentary mins.d1 
South-East Asian  
 Sedentary mins.d1 
Step 1  (R2=0.00) (R2=0.01) (R2=0.03) 
Social- Family/friend support -233.9 (-508.24; 40.52) 1424.0 (-4808.78;7662.75) -2222.1 (-5922.77; 1478.56) 
Step 2 (R2=0.01; ΔR2=0.01) (R2=0.03; ΔR2=0.02) (R2=0.04; ΔR2= 0.01) 
Social- Family/friend support -935.0 (-3384.39; 1514.43) 938.4 (-4631.13; 6507.84) -2310.3 (-5642.95; 1022.34) 
Psychological- Perceived barriers 1731.9 (-2486.16; 5949.89) 2897.6 (-3713.05; 9508.18) 407.4 (-2306.82; 3121.55) 
Step 3 (R2 = 0.02; ΔR2=0.01) (R2=0.03; ΔR2 = 0.00) (R2=0.04; ΔR2 = 0.00) 
Social- Family/friend support -641.9(-6098.77; 4814.95) 1286.7 (-4990.70; 6564.11) -2070.0 (-5142.70; 1002.63) 
Psychological- Perceived barriers 1929.8 (-704.15; 4563.65) 3022.5 (-3760.34; 9715.24) 428.4 (-2552.95; 3409.75) 
Social- Parental co-participation/fear -1369.8 (-14727.8; 11988.22) -1763.4 (-8692.78; 5165.97) -2362.4 (-7144.14; 2419.40) 
Step 4 (R2 = 0.02; ΔR2=0.00) (R2=0.03; ΔR2 = 0.00) (R2=0.04; ΔR2 = 0.00) 
Social- Family/friend support -530.9 (-4866.67; 3804.80) 1424.9 (-4743.46; 7593.28) -2124.7 (-5722.85; 1473.52) 
Psychological- Perceived barriers 1864.67 (-181.51; 3910.84) 3081.3 (-3665.82; 9828.41) 503.4 (-2057.32; 3064.12) 
Social- Parental co-participation/fear -1259.9 (-15674.76; 13154.93) -1673.4 (-8880.91; 5534.13) -2531.4 (-7638.77; 2576.01) 
Social- Family education beliefs -730.57 (-7483.18; 6022.03) -1124.5 (-5097.11; 2848.13) 791.3 (-12395.96; 13978.53) 
Step 5 (R2 = 0.02; ΔR2=0.00) (R2=0.07;ΔR2 = 0.00) (R2=0.05; ΔR2 = 0.01) 
Social- Family/friend support -530.64 (-4760.81; 3699.54) 583.1 (-5984.09; 7150.36) -2276.7 (-5665.35; 1111.95) 
Psychological- Perceived barriers 1865.0 (-378.36; 4108.41) 1826.7 (-4243.82; 7897.21) 324.3 (-2428.55; 3077.15) 
Social- Parental co-participation/fear -1260.2 (-15597.16; 13076.69) -2011.7 (-8051.65; 4028.24) -3112.7 (-9189.17; 2963.75) 
Social- Family education beliefs -730.8 (-7598.89; 6137.39) -1445.0 (-4880.45; 1990.42) 762.2 (-12676.93; 14201.56) 
Psychological-Preference/attitude -1.4 (-1555.07; 1552.25) 6126.8 * (1326.13; 10947.54) 1312.9 (-4795.79; 7421.65) 
Table A.9 Continued over the page 
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Table A.9 Continued 
Step 6 (R2 = 0.02; ΔR2=0.00) (R2=0.08; ΔR2 = 0.01) (R2=0.07; ΔR2 = 0.02) 
Social- Family/friend support -632.6 (-4385.21; 3120.04) 420.5 (-6258.45; 7099.37) -1872.7 (-5129.91; 1384.61) 
Psychological- Perceived barriers 2233.3 ** (1634.59; 2832.02) 1806.3 (-4556.03; 8168.55) 102.4 (-2959.26; 3164.06) 
Social- Parental co-participation/fear -1070.5 (-14551.29; 12410.27) -2427.2 (-8823.99; 3969.63) -4286.9 (-11831.87; 3258.02) 
Social- Family education beliefs -548.5 (-8872.83; 7775.88) -721.0 (-5120.93; 3678.91) -1474.3 (-14048.27; 11099.62) 
Psychological-Preference/attitude -537.6 (-5109.20; 4033.94) 6991.5 ** (2212.68; 11770.28) 2025.3 (-4992.76; 9043.42) 
Psychological- Personal benefits -1327.8 (-11651.98; 8996.38) -1995.7 (-6627.48; 2636.06) 4213.7 (-1341.93; 9769.23) 
Step 7 (R2 = 0.03; ΔR2=0.01) (R2=0.09; ΔR2 = 0.01) (R2=0.07; ΔR2 = 0.00) 
Social- Family/friend support -278.5 (-3112.07; 2555.11) 513.1 (-5883.24; 6909.47) -1796.3 (-5615.07; 2022.44) 
Psychological- Perceived barriers 2095.2 ** (1279.89; 2910.40) 1448.3 (-5164.22; 8060.81) 14.9 (-2228.53; 2258.33) 
Social- Parental co-participation/fear -1637.6 (-13974.45; 10699.19) -2139.9 (-9875.76; 5596.01) -4146.3 (-12336.14; 4043.54) 
Social- Family education beliefs -1075.8 (-12754.89; 10603.21) -457.1 (-5429.25; 4515.13) -1722.2 (-15148.74; 11704.33) 
Psychological-Preference/attitude -549.6 (-4667.80; 3568.57) 7372.6 ** (2436.57; 12308.62) 1899.5 (-5603.16; 9402.17) 
Psychological- Personal benefits -2126.73 (-11125.99; 6872.54) -1517.9 (-6670.05; 3634.31) 3976.2 (-3622.60; 11575.05) 
Psychological- Positive outcome expectation 2589.0 (-2526.03; 7704.09) -2151.3 (-10839.47; 6536.79) 569.1 (-5905.60; 7043.71) 
Step 8 (R2 = 0.05; ΔR2=0.02) (R2=0.12; ΔR2 = 0.03) (R2=0.07; ΔR2 = 0.00) 
Social- Family/friend support -665.7 (-5443.94; 4112.65) 1219.9 (-3524.19; 5963.95) -2013.8 (-5825.76; 1798.14) 
Psychological- Perceived barriers 2371.4 ** (1291.72; 3451.06) 2175.7 (-4054.41; 8405.84) 0.7 (-2223.22; 2224.65) 
Social- Parental co-participation/fear -1807.8 (-14298.51; 10682.91) -1643.6 (-9519.79; 6232.53) -4217.7 (-12565.73; 4130.43) 
Social- Family education beliefs -808.5 (-11297.56; 9680.54) -821.6 (-5231.36; 3588.19) -2080.1 (-14994.68; 10834.43) 
Psychological-Preference/attitude -1586.3 (-6125.2; 2952.68) 8482.1 ** (2709.05; 14257.20) 2067.5 (-4991.93; 9126.95) 
Psychological- Personal benefits -2751.8 (-10360.63; 4857.13) -1374.9 (-5832.52; 3082.68) 4103.0 (-3655.70; 11861.70) 
Psychological- Positive outcome expectation 1924.7 (-1190.52; 6139.95) -2121.4 (-10640.43; 6397.55) 306.0 (-6103.27; 6715.17) 
Psychological- Negative outcome expectation 4403.1 (-671.14; 9477.39) -6272.4 (-17689.10; 5144.28) 1916.2 (-6295.32; 10127.70) 
Table A.9 Continued 
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Step 9 (R2=0.17; ΔR2=0.12) (R2=0.18; ΔR2=0.06) (R2=0.21; ΔR2= 0.14) 
Social- Family/friend support -392.8 (-4617.73; 3832.10) 1148.3 (-3904.69; 6201.23) -910.8 (-4810.02; 2988.50) 
Psychological- Perceived barriers 2025.6 (-380.91; 4432.08) 529.2 (-5479.23; 6537.64) 134.1 (-1645.56; 1913.83) 
Social- Parental co-participation/fear -1010.7 (-15021.78; 13000.33) -2011.3 (-10761.77; 6739.14) -1282.3 (-11769.45; 9204.77) 
Social- Family education beliefs -2071.1 (-7231.53; 3099.35) -702.9 (-4235.86; 2803.10) -3913.7 (-19136.40; 11309.04) 
Psychological-Preference/attitude -2083.1 (-4424.43; 258.25) 9764.2** (3998.52; 15529.95) 2628.1 (-4838.47; 10094.70) 
Psychological- Personal benefits -3963.6 (-9500.81; 1573.63) -141.8 (-4887.44; 4603.89) 2435.7 (-6119.18; 10990.63) 
Psychological- Positive outcome expectation 1914.6 (-120.12; 3949.37) -1949.4 (-10442.51; 6543.69) 1813.6 (-6605.73; 10232.93) 
Psychological- Negative outcome expectation 4428.8 * (1504.84; 7350.79) -7372.4 (-18021.35; 3276.49) 861.0 (-5690.55; 7412.51) 
Boys REF REF REF 
Girls 31663.0 (-11923.21; 75249.22) 42763.3 ** (13290.19; 72236.50) 40888.0 (-249.35; 82025.37) 
Age  10642.9 (-18065.77; 3951.5) 5943.0 (-17797.79; 29683.82) 15798.9 (-5802.32; 37400.09) 
Step 10 (R2 = 0.17; ΔR2=0.00) (R2=0.18; ΔR2 = 0.00) (R2=0.22; ΔR2 = 0.01) 
Social- Family/friend support -386.8 (-4656.59; 3882.95) 1220.5 (-3982.75; 6223.70) -1004.5 (-4888.64; 2879.67) 
Psychological- Perceived barriers 1979.75 (-244.08; 4203.58) 473.6 (-5740.40; 6687.61) -18.8 (-1561.43; 1523.88) 
Social- Parental co-participation/fear -989.5 (-14746.14; 12767.13) -2039.3 (-1905.93; 6827.33) -1245.4 (-11337.86; 8847.15) 
Social- Family education beliefs -1970.5 (-7466.79; 3525.83) -1036.2 (-3787.73; 1715.39) -4714.8 (-18130.26; 8700.59) 
Psychological-Preference/attitude -2092.4 (-4473.14; 288.36) 9880.5 ** (3569.17; 16191.81) 2580.6 (-4533.50; 9649.69) 
Psychological- Personal benefits -3948.9 (-9518.88; 1621.02) -5.0 (-4400.49; 4388.46) 2918.0 (-5932.81; 11768.88) 
Psychological- Positive outcome expectation 1794.2 (-29.38; 3617.80) -1976.0 (-10498.65; 6546.59) 1783.3 (-7161.66; 10728.27) 
Psychological- Negative outcome expectation 4453.7 * (1576.36; 7331.03) -7541.8 (-18327.14; 3243.48) 1208.0 (-4535.22; 6951.20) 
Boys REF REF REF 
Girls 31847.5 (-11545.23; 75240.17) 43034.2** (13651.63; 72416.75) 41183.6 * (717.43; 81649.77) 
Age  10668.7 (-18294.65; 39632.13) 5594.1 (-18653.74; 29841.89) 15020.3 (-8476.91; 38517.48) 
High SES REF REF REF 
Low SES 3189.5 (-8700.52; 15079.46) -5789.1 (-38156.83; 26578.63) -14019.9 (-51232.28; 23192.57) 
# = Based on 3-days of monitoring (including 1 weekend day); * = significance p <0.05; Low SES = IRSD ≤999; High SES = IRSD ≥ 1000; β = beta 
coefficient and CI = 95% confidence interval. 
Table A.10 Ethnic differences in the relationship between potential correlates of 
daily# light-intensity physical activity (adjusted model) (β + 95% CI) 
 Anglo- Australian 
Light mins.d1 
Chinese-
Australian 
Light mins.d1 
South-East Asian  
 Light mins.d1 
Step 1  (R2=0.00) (R2=0.03) (R2=0.00) 
Social- Family/friend support 0.0 (-0.04; 0.07) 0.1 (-0.04; 0.13) 0.0 (-0.05; 0.05) 
Step 2 (R2=0.04;  
ΔR2=0.04) 
(R2=0.04;  
ΔR2=0.01) 
(R2=0.00;  
ΔR2= 0.00) 
Social- Family/friend support 0.0 (-0.02; 0.11) 0.1 (-0.05; 0.16) 0.0 (-0.04; 0.06) 
Psychological- Perceived barriers -0.1* (-0.14; -0.01) -0.0 (-0.17; 0.10) -0.0 (-0.08; 0.03) 
Step 3 (R2 = 0.06;  
ΔR2=0.02) 
(R2=0.04; 
 ΔR2 = 0.00) 
(R2=0.07;  
ΔR2 = 0.07) 
Social- Family/friend support 0.0 (-0.09; 0.15) 0.1 (-0.07; 0.18) -0.0 (-0.06; 0.04) 
Psychological- Perceived barriers -0.1 (-0.17; 0.00) -0.0 (-0.17; 0.10) -0.0 (-0.08; 0.03) 
Social- Parental co-participation/fear 0.1 (-0.19; 0.37) 0.0 (-0.17; 0.21) 0.1 (-0.04; 0.32) 
Step 4 (R2 = 0.06;  
ΔR2=0.00) 
(R2=0.04; 
 ΔR2 = 0.00) 
(R2=0.10;  
ΔR2 = 0.03) 
Social- Family/friend support 0.0 (-0.05; 0.10) 0.1 (-0.07; 0.16) -0.0 (-0.07; 0.03) 
Psychological- Perceived barriers -0.1 (-0.19; 0.03) -0.0 (-0.18; 0.11) -0.0 (-0.07; 0.06) 
Social- Parental co-participation/fear 0.1 (-0.23; 0.41) 0.0 (-0.18; 0.21) 0.1 (-0.12; 0.33) 
Social- Family education beliefs -0.0 (-0.31; 0.30) 0.1 (-0.08; 0.17) 0.2 (-0.11; 0.43) 
Step 5 (R2 = 0.06;  
ΔR2=0.00) 
(R2=0.09; 
 ΔR2 = 0.05) 
(R2=0.15;  
ΔR2 = 0.05) 
Social- Family/friend support 0.0 (-0.04; 0.07) 0.0 (-0.09; 0.15) -0.0 (-0.11; 0.03) 
Psychological- Perceived barriers -0.1** (-0.11; -0.01) -0.1 (-0.23; 0.10) -0.0 (-0.11; 0.05) 
Social- Parental co-participation/fear 0.1 (-0.15; 0.35) 0.0 (-0.17; 0.19) 0.0 (-0.24; 0.32) 
Social- Family education beliefs 0.0 (-0.33; 0.34) 0.0 (-0.05; 0.13) 0.2 (-0.11; 0.42) 
Psychological-Preference/attitude 0.1 (-0.30; 0.41) 0.1 (0.01; 0.26) 0.2 (-0.01; 0.33) 
Step 6 (R2 = 0.07;  
ΔR2=0.01) 
(R2=0.09; 
 ΔR2 = 0.00) 
(R2=0.15;  
ΔR2 = 0.00) 
Social- Family/friend support 0.0 (-0.04; 0.07) 0.0 (-0.09; 0.15) -0.0 (-0.10; 0.03) 
Psychological- Perceived barriers -0.1** (-0.14; -0.07) -0.1 (-0.23; 0.10) -0.0 (-0.11; 0.05) 
Social- Parental co-participation/fear 0.1 (-0.16; 0.35) 0.0 (-0.16; 0.19) 0.0 (-0.27; 0.34) 
Social- Family education beliefs 0.0 (-0.34; 0.35) 0.0 (-0.04; 0.12) 0.2 (-0.12; 0.42) 
Psychological-Preference/attitude 0.1 (-0.24; 0.37) 0.1* (0.01; 0.25) 0.2 (-0.03; 0.35) 
Psychological- Personal benefits 0.0 (-0.05; 0.11) -0.0 (-0.18; 0.13) 0.0 (-0.14; 0.15) 
Step 7 (R2 = 0.010;  
ΔR2=0.03) 
(R2=0.09 
 ΔR2 = 0.00) 
(R2=0.17;  
ΔR2 = 0.02) 
Social- Family/friend support 0.0 (-0.04; 0.04) 0.0 (-0.09; 0.15) -0.1 (-0.13;  0.04) 
Psychological- Perceived barriers -0.1 ** (-0.14; -0.06) -0.1 (-0.23; 0.10) -0.0 (-0.11; 0.08) 
Social- Parental co-participation/fear 0.1 (-0.12; 0.35) 0.0 (-0.16; 0.19) 0.0 (-0.29; 0.32) 
Social- Family education beliefs 0.0 (-0.43; 0.47) 0.0 (-0.04; 0.12) 0.2 (-0.07; 0.44) 
Psychological-Preference/attitude 0.1 (-0.26; 0.39) 0.1* (0.00; 0.25) 0.2 (-0.01; 0.37) 
Psychological- Personal benefits 0.1 (-0.02; 0.14) -0.0 (-0.17; 0.10) 0.0 (-0.17; 0.25) 
Psychological- Positive outcome 
expectation 
-0.1 (-0.24; 0.04) 0.0 (-0.12; 0.17) -0.1 (-0.30; 0.14) 
Step 8 (R2 = 0.10;  
ΔR2=0.00) 
(R2=0.13; 
 ΔR2 = 0.04) 
(R2=0.19;  
ΔR2 = 0.02) 
Social- Family/friend support 0.0 (-0.03; 0.03) 0.1 (-0.06; 0.15) -0.0 (-0.13; 0.06) 
Psychological- Perceived barriers -0.1** (-0.13; -0.07) -0.1 (-0.21; 0.10) -0.0 (-0.11; 0.08) 
Social- Parental co-participation/fear 0.1 (-0.11; 0.35) 0.0 (-0.15; 0.20) 0.0 (-0.32; 0.35) 
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Social- Family education beliefs 0.0 (-0.42 0.47) 0.0 (-0.04; 0.11) 0.2 (-0.10; 0.51) 
Psychological-Preference/attitude 0.1 (-0.33; 0.45) 0.2* (0.02; 0.28) 0.2 (-0.03; 0.37) 
Psychological- Personal benefits 0.1 (-0.00; 0.12) -0.1 (-0.19; 0.10) 0.0 (-0.20; 0.27) 
Psychological- Positive outcome 
expectation 
-0.1 (-0.24; 0.03) 0.0 (-0.12; 0.19) -0.1 (-0.31; 0.18) 
Psychological- Negative outcome 
expectation 
0.0 (-0.17; 0.24) -0.1 (-0.30; 0.04) -0.1 (-0.33; 0.12) 
Step 9 (R2=0.11;  
ΔR2=0.01) 
(R2=0.17;  
ΔR2=0.04) 
(R2=0.28;  
ΔR2= 0.09) 
Social- Family/friend support -0.0 (-0.04; 0.04) 0.1 (-0.05; 0.14) -0.0 (-0.12; 0.04) 
Psychological- Perceived barriers -0.1* (-0.15; -0.04) -0.0 (-0.17; 0.11) 0.0 (-0.09; 011) 
Social- Parental co-participation/fear 0.1 (-0.15; 0.37) 0.0 (-0.14; 0.21) 0.0 (-0.33; 0.37) 
Social- Family education beliefs 0.1 (-0.40; 0.46) 0.0 (-0.07; 0.11) 0.2 (-0.08; 0.46) 
Psychological-Preference/attitude 0.1 (-0.37; 0.49) 0.1 (-0.00; 0.26) 0.2 (-0.03; 0.37) 
Psychological- Personal benefits 0.1* (0.01; 0.11) -0.0 (-0.15; 0.09) 0.0 (-0.17; 0.24) 
Psychological- Positive outcome 
expectation 
-0.1 (-0.22; 0.01) 0.0 (-0.14; 0.21) -0.1 (-0.28; 0.16) 
 Psychological- Negative outcome 
expectation 
0.0 (-0.14; 0.21) -0.1 (-0.29; 0.06) -0.1 (-0.31; 0.13) 
Boys REF REF REF 
Girls -0.3 (-0.68; 0.17) -0.7 (-1.52; 0.17) 0.7 (-0.18; 1.52) 
Age (years) -0.1 (-0.62; 0.48) -0.1 (-0.44; 0.28) -0.4** (-0.57; 0.14) 
Step 10 (R2 = 0.12;  
ΔR2=0.01) 
(R2=0.17; 
 ΔR2 = 0.00) 
(R2=0.29;  
ΔR2 = 0.01) 
Social- Family/friend support -0.0 (-0.04; 0.04) 0.1(-0.05; 0.14) -0.0 (-0.13; 0.04) 
Psychological- Perceived barriers -0.1* (-0.15; -0.03) -0.0 (-0.17; 0.12) -0.0 (-0.09; 0.10) 
Social- Parental co-participation/fear 0.1 (-0.13; 0.34) 0.0 (-0.14; 0.20) 0.0 (-0.32; 0.37) 
Social- Family education beliefs 0.1 (-0.13; 0.34) 0.0 (-0.06; 0.10) 0.2 (-0.08; 0,41) 
Psychological-Preference/attitude 0.1 (-0.38; 0.42) 0.1 (-0.01; 0.26) 0.2 (-0.04; 0.37) 
Psychological- Personal benefits 0.1 (-0.37; 0.50) -0.0 (-0.15; 0.09) 0.1 (-0.18; 0.27) 
Psychological- Positive outcome 
expectation 
0.1* (0.02; 0.11) 0.0 (-0.14; 0.21) -0.1 (-0.27; 0.16) 
Psychological- Negative outcome 
expectation 
-0.1 (-0.19; 0.01) -0.1 (-0.29; 0.06) -0.1 (-0.30; 0.14) 
Boys REF REF REF 
Girls -0.3 (-0.59; 0.04) -0.7 (-1.51; 0.17) 0.7 (-0.13; 1.48) 
Age (years) -0.1 (-0.65; 0.50) -0.1 (-0.42; 0.26) -0.4** (-0.62; 0.13) 
High SES REF REF REF 
Low SES -0.4 (-1.61; 0.85) -0.1 (-0.76; 0.58) -0.4 (-1.11 (0.34) 
# = Based on 3-days of monitoring (including 1 weekend day); * = significance p <0.05; Low SES = 
IRSD ≤999; High SES = IRSD ≥ 1000; β = beta coefficient and CI = 95% confidence interval. 
 
  
 - 361 - 
Table A.11 Ethnic differences in the relationship between potential correlates of 
daily# MVPA (adjusted model) (β + 95% CI) 
 Anglo- 
Australian 
MVPA mins.d1 
Chinese-
Australian 
MVPA mins.d1 
South-East 
Asian  
 MVPA mins.d1 
Step 1  (R2=0.01) (R2=0.00) (R2=0.02) 
Social- Family/friend support 0.0* (0.00; 0.06) -0.0 (-0.08; 0.06) 0.0 (-0.03; 0.11) 
Step 2 (R2=0.01;  
ΔR2=0.00) 
(R2=0.02;  
ΔR2=0.02 
(R2=0.03;  
ΔR2= 0.01) 
Social- Family/friend support 0.0* (0.01; 0.05) -0.0 (-0.09; 0.06) 0.0 (-0.05; 0.11) 
Psychological- Perceived 
barriers 
0.0 (-0.02; 0.03) 0.1 (-0.02; 0.12) 0.0 (-0.03; 0.08) 
Step 3 (R2 = 0.02;  
ΔR2=0.01) 
(R2=0.03; 
 ΔR2 = 0.01) 
(R2=0.07;  
ΔR2 = 0.04) 
Social- Family/friend support 0.0* (0.01; 0.07) -0.0 (-0.11 0.06) 0.0 (-0.06; 0.11) 
Psychological- Perceived 
barriers 
0.0 (-0.01; 0.03) 0.1 (-0.03; 0.12) 0.0 (-0.04; 0.09) 
Social- Parental co-
participation/fear 
-0.1 (-0.14; 0.03) 0.1 (-0.03; 0.11) 0.1* (0.03; 0.17) 
Step 4 (R2 = 0.02;  
ΔR2=0.00) 
(R2=0.03; 
 ΔR2 = 0.00) 
(R2=0.07;  
ΔR2 = 0.00) 
Social- Family/friend support 0.0 (-0.06; 0.13) -0.0 (-0.11; 0.06) 0.0 (-0.06; 0.11) 
Psychological- Perceived 
barriers 
0.0 (-0.02; 0.05) 0.1 (-0.03; 0.13) 0.0 (-0.03; 0.10) 
Social- Parental co-
participation/fear 
-0.1 (-0.16; 0.04) 0.0 (-0.03; 0.11) 0.1* (0.02; 0.17) 
Social- Family education 
beliefs 
0.0 (-0.41; 0.47) 0.0 (-0.12; 0.16) 0.0 (-0.22; 0.24) 
Step 5 (R2 = 0.02;  
ΔR2=0.00) 
(R2=0.06; 
 ΔR2 = 0.03) 
(R2=0.14;  
ΔR2 = 0.07) 
Social- Family/friend support 0.0 (-0.06; 0.14) -0.0 (-0.12; 0.05) 0.0 (-0.07; 0.07) 
Psychological- Perceived 
barriers 
0.0 (-0.02; 0.05) 0.03 (-0.07; 0.13) 0.0 (-0.06; 0.07) 
Social- Parental co-
participation/fear 
-0.1 (-0.15; 0.02) 0.0(-0.02; 0.09) 0.0 (-0.11; 0.15) 
Social- Family education 
beliefs 
0.0 (-0.42; 0.48) 0.0 (-0.11; 0.14) 0.1 (-0.26; 0.28) 
Psychological-
Preference/attitude 
-0.0 (-0.10; 0.07) 0.1 (-0.02; 0.18) 0.2 (-0.01; 0.36) 
Step 6 (R2 = 0.03;  
ΔR2=0.01) 
(R2=0.07; 
 ΔR2 = 0.01) 
(R2=0.14;  
ΔR2 = 0.00) 
Social- Family/friend support 0.0 (-0.08; 0.16) -0.0 (-0.11; 0.04) 0.0 (-0.07; 0.08) 
Psychological- Perceived 
barriers 
0.0 (-0.03; 0.09) 0.0 (-0.07; 0.13) 0.0 (-0.06; 0.07) 
Social- Parental co-
participation/fear 
-0.1 (-0.13; 0.02) 0.1 (-0.02; 0.11) 0.0 (-0.12; 0.16) 
Social- Family education 
beliefs 
0.4 (-0.43; 0.50) 0.0 (-0.10; 0.14) 0.0 (-0.23; 0.24) 
Psychological-
Preference/attitude 
-0.0 (-0.13; 0.05) 0.1 (-0.03; 0.17) 0.2 (-0.01; 0.36) 
Psychological- Personal 
benefits 
-0.1 (-0.14; 0.03) -0.0 (-0.13; 0.05) 0.0 (-0.18; 0.19) 
Step 7 (R2 = 0.03;  
ΔR2=0.00) 
(R2=0.07; 
 ΔR2 = 0.00) 
(R2=0.16;  
ΔR2 = 0.02) 
Social- Family/friend support 0.0 (-0.11; 0.18) -0.0 (-0.10; 0.04) 0.0 (-0.05; 0.09) 
Psychological- Perceived 
barriers 
0.0 (-0.03; 0.10) 0.0 (-0.06; 0.12) -0.0 (-0.06; 0.06) 
Social- Parental co-
participation/fear 
-0.1 (-0.13; 0.02) 0.1 (-0.00; 0.10) 0.0 (-0.11; 0.17) 
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Social- Family education 
beliefs 
0.0 (-0.46; 0.53) 0.0 (-0.10; 0.14) 0.0 (-0.26; 0.26) 
Psychological-
Preference/attitude 
-0.0 (-0.13; 0.05) 0.1 (-0.02; 0.17) 0.2 (-0.02; 0.34) 
Psychological- Personal 
benefits 
-0.1* (-0.10; -0.01) -0.1 (-0.11; 0.13)  -0.0 (-0.26; 0.21) 
Psychological- Positive 
outcome expectation 
0.0 (-0.16; 0.17) 0.0 (-0.13;0.19) 0.1 (-0.07; 0.19) 
Step 8 (R2 = 0.05;  
ΔR2=0.02) 
(R2=0.07; 
 ΔR2 = 0.00) 
(R2=0.16;  
ΔR2 = 0.00) 
Social- Family/friend support 0.1 (-0.03; 0.13) -0.0 (-0.11; 0.04) 0.0 (-0.06; 0.09) 
Psychological- Perceived 
barriers 
0.0 (-0.04; 0.09) 0.0 (-0.06; 0.12) -0.0 (-0.06; 0.06) 
Social- Parental co-
participation/fear 
-0.1 (-0.14; 0.04) 0.1* (0.00; 0.10) 0.0 (-0.11; 0.17) 
Social- Family education 
beliefs 
0.0 (-0.43; 0.49) 0.0 (-0.10; 0.13) 0.0 (-0.26; 0.26) 
Psychological-
Preference/attitude 
-0.0 (-0.14; 0.12) 0.1 (-0.02; 0.17) 0.2 (-0.02; 0.34) 
Psychological- Personal 
benefits 
-0.0 (-0.09; 0.01) -0.1 (-0.11; 0.01) -0.0 (-0.26; 0.21) 
Psychological- Positive 
outcome expectation 
0.0 (-0.11; 0.15) 0.0 (-0.14; 0.20) 0.1 (-0.07; 0.19) 
Psychological- Negative 
outcome expectation 
-0.1 (-0.41; 0.18) -0.0 (-0.12; 0.07) -0.1 (-0.29; 0.13) 
Step 9 (R2=0.39;  
ΔR2=0.34) 
(R2=0.21;  
ΔR2=0.14) 
(R2=0.45;  
ΔR2= 0.29) 
Social- Family/friend support 0.0 (-0.03; 0.09) -0.0 (-0.09; 0.03) -0.0 (-0.10; 0.06) 
Psychological- Perceived 
barriers 
0.1** (0.03; 0.06) 0.1 (-0.00; 0.15) -0.0 (-0.06; 0.04) 
Social- Parental co-
participation/fear 
-0.1* (-0.16; -0.04) 0.1* (0.01; 0.10) -0.1 (-0.21; 0.09) 
Social- Family education 
beliefs 
0.1 (-0.14; 0.31) -0.0 (-0.12; 0.12) 0.1 (-0.21; 0.33) 
Psychological-
Preference/attitude 
0.0 (-0.26; 0.30) 0.0 (-0.05; 0.13) 0.1 (-0.01; 0.29) 
Psychological- Personal 
benefits 
0.0 (-0.11; 0.15) -0.0 (-0.10; 0.04) 0.0 (-0.16; 0.22) 
Psychological- Positive 
outcome expectation 
0.0 (-0.03; 0.09) 0.0 (-0.18; 0.24) 0.0 (-0.09; 0.11) 
Psychological- Negative 
outcome expectation 
-0.1 (-0.36; 0.16) 0.0 (-0.08; 0.09) -0.1 (-0.33 0.24) 
Boys REF REF REF 
Girls -1.1 (-2.31; 0.16) -1.0** (-1.66; -0.34) -1.3 **(-2.11; -0.44) 
Age  -0.7*** (-0.77; -0.55) -0.2 (-0.40; 0.04) -0.5* (-0.99; -0.01) 
Step 10 (R2 = 0.41;  
ΔR2=0.02) 
(R2=0.22; 
 ΔR2 = 0.01) 
(R2=0.46;  
ΔR2 = 0.01) 
Social- Family/friend support 0.0 (-0.03; 0.09) -0.1(-0.09; 0.03) -0.0 (-0.10; 0.07) 
Psychological- Perceived 
barriers 
0.1** (0.04; 0.07) 0.1 (-0.01; 0.15) -0.0 (-0.06; 0.05) 
Social- Parental co-
participation/fear 
-0.1 (-0.21; 0.00) 0.1* (0.02; 0.09) -0.1 (-0.22; 0.10) 
Social- Family education 
beliefs 
0.1 (-0.16; 0.29) -0.0 (-0.13; 0.10) 0.1 (-0.23; 0.38) 
Psychological-
Preference/attitude 
0.0 (-0.26; 0.30) 0.1 (-0.04; 0.13) 0.1 (-0.01; 0.29) 
Psychological- Personal 
benefits 
0.0 (-0.11; 0.14) -0.0 (-0.10; 0.04) 0.0 (-0.17; 0.21) 
Psychological- Positive 
outcome expectation 
0.1 (-0.00; 0.11) 0.0 (-0.20; 0.25) 0.0 (-0.09; 0.12) 
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Psychological- Negative 
outcome expectation 
-0.1 (-0.36; 0.15) 0.0 (-0.10; 0.10) -0.1 (-0.33; 0.23) 
Boys REF REF REF 
Girls  -1.1 (-2.49; 0.29) -1.0 ** (-1.64; -0.35) -1.3** (-2.07; -0.49) 
Age  -0.7*** (-0.79; -0.54) -0.2 (-0.45; 0.05) -0.5 (-0.97-; 0.00) 
High SES REF REF REF 
Low SES -0.5* (-0.97; -0.01) -0.3 (-0.93; 0.40) 0.3 (-0.40; 1.00) 
# = Based on 3-days of monitoring (including 1 weekend day); * = significance p <0.05; ** = 
significance p<0.01;  *** = significant p<0.001; Low SES = IRSD ≤999; High SES = IRSD ≥ 1000;  
β = beta coefficient and CI = 95% confidence interval
Appendix 17. Manuscript based on Chapter 3 
Aspects of Chapter 3 have been published in the international journal (BMC Medical 
Research Methodology).  The citation for this open access article is below, and at the 
time of submission was available via: http://www.biomedcentral.com/1471-
2288/11/122.  
 
Strugnell C, Renzaho A, Ridley K, Burns C. Reliability of the modified child and 
adolescent physical activity and nutrition survey, physical activity (CAPANS-PA) 
questionnaire among chinese-australian youth. BMC Med Res Methodol. 
2011;11:122. 
 
 
 
 
